student Study Guide/Solutions Manual 


to accompany 


Organic Chemistry 


Sixth Edition 


Prepared by 
Janice Gorzynski Smith 
and 
Erin R. Smith 


Education 


01 smi75670 TitleCopyright i-ii.ndd 1 e 01/11/18 4:41 pm 


Мс 
Graw 


Hill 


Education 


STUDENT STUDY GUIDE/SOLUTIONS MANUAL TO ACCOMPANY 
ORGANIC CHEMISTRY, SIXTH EDITION 


Published by McGraw-Hill Education, 2 Penn Plaza, New York, NY 10121. Copyright O 2019 by McGraw-Hill Education. All rights reserved. Printed in 
the United States of America. No part of this publication may be reproduced or distributed in any form or by any means, or stored in a database or retrieval 
system, without the prior written consent of McGraw-Hill Education, including, but not limited to, in any network or other electronic storage or transmission, 
or broadcast for distance learning. 

Some ancillaries, including electronic and print components, may not be available to customers outside the United States. 

This book is printed on acid-free paper. 

123456789LOV 22212019 18 

ISBN 978-1-260-47567-8 

MHID 1-260-47567-0 


Cover image: OMichael Lawrence/Lonely Planet Images/Getty Images. 


АП credits appearing on page or at the end of the book are considered to be an extension of the copyright page. 


The Internet addresses listed in the text were accurate at the time of publication. The inclusion of a website does not indicate an endorsement by the authors or 
McGraw-Hill Education, and McGraw-Hill Education does not guarantee the accuracy of the information presented at these sites. 


mheducation.com/highered 


01 smi75670 TitleCopyright i-ii..ndd 2 e 01/11/18 4:41 pm 


Contents 


Chapter 1 Structure and Bonding 

Chapter 2 Acids and Bases 

Chapter 3 Introduction to Organic Molecules and Functional Groups 
Chapter 4 Alkanes 

Chapter 5 Stereochemistry 

Chapter 6 Understanding Organic Reactions 

Chapter 7 Alkyl Halides and Nucleophilic Substitution 
Chapter 8 Alkyl Halides and Elimination Reactions 
Chapter 9 Alcohols, Ethers, and Related Compounds 
Chapter 10. Alkenes 

Chapter 11 Alkynes 

Chapter 12 Oxidation and Reduction 

Spectroscopy A Mass Spectrometry 

Spectroscopy B Infrared Spectroscopy 

Spectroscopy C Nuclear Magnetic Resonance Spectroscopy 
Chapter 13 Radical Reactions 

Chapter 14 Conjugation, Resonance, and Dienes 

Chapter 15 Benzene and Aromatic Compounds 

Chapter 16 Reactions of Aromatic Compounds 

Chapter 17 Introduction to Carbonyl Chemistry; Organometallic Reagents; 
Oxidation and Reduction 

Chapter 18 Aldehydes and Ketones—Nucleophilic Addition 
Chapter 19 Carboxylic Acids and Nitriles 


Chapter 20 Carboxylic Acids and Their Derivatives—Nucleophilic Acyl Substitution 
Chapter 21 Substitution Reactions of Carbonyl Compounds at the о Carbon 


Chapter 22 Carbonyl Condensation Reactions 

Chapter 23 Amines 

Chapter 24 Carbon-Carbon Bond-Forming Reactions in Organic Synthesis 
Chapter 25 Pericyclic Reactions 

Chapter 26 Carbohydrates 

Chapter 27 Amino Acids and Proteins 

Chapter 28 Synthetic Polymers 

Chapter 29 Lipids (Online Only) 


1-1 
2-1 
3-1 
4-1 
5-1 
6-1 
7-1 
8-1 
9-1 
10-1 
11-1 
12-1 
А-1 
В-1 
С-1 
13-1 
14-1 
15-1 
16-1 


17-1 
18-1 
19-1 
20-1 
21-1 
22-1 
23-1 
24-1 
25-1 
26-1 
27-1 
28-1 
29-1 


Structure and Bonding 1-1 


Chapter 1: Structure and Bonding 


Chapter Review 


Important facts 


e The general rule of bonding: Atoms strive to attain a complete outer shell of valence electrons 
(Section 1.2). Н “wants” 2 electrons. Second-row elements “want” 8 electrons. 


nonbonded electron pair 


| | | | 


—н Ex N О X! X=F,CLBrI 
Usual number of bonds 
in neutral atoms 1 4 3 2 1 
Number of nonbonded . , 0 0 1 2 3 


electron pairs 


The sum (£ of bonds * £ of lone pairs) - 4 for all elements except H. 


e Formal charge (FC) is the difference between the number of valence electrons on an atom and the 
number of electrons it *owns" (Section 1.3C). See Sample Problem 1.3 for a stepwise example. 


formal charge = number of = number of electrons 
Definition: 9 valence electrons an atom "owns" 


Examples: | + mí 
CE = = — с: 
| | | 
• C shares 8 electrons. • C shares 6 electrons. • C shares 6 electrons. 
• С "owns" 4 electrons. * C"owns" 3 electrons. • С has 2 unshared electrons. 
•ЕС=0 •ЕС= +1 * C"owns" 5 electrons. 


-ЕС--1 


e Curved arrow notation shows (һе movement of an electron pair. The tail of the arrow always 
begins at an electron pair, either in a bond or a lone pair. The head points to where the electron pair 
"moves" (Section 1.6). 

Use an electron pair to form a double bond. 


Move an electron VA. ve 
pair to O. A: / ie 
С»... _ 
H^ ^N: 
H H 


e Electrostatic potential plots are color-coded maps of electron density, indicating electron rich (red) 
and electron deficient (blue) regions (Section 1.12). 
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The importance of Lewis structures (Sections 1.3-1.5) 
A properly drawn Lewis structure shows the number of bonds and lone pairs present around each atom 


in a molecule. In a valid Lewis structure, each H has two electrons, and each second-row element has 
no more than eight. This is the first step needed to determine many properties of a molecule. 


Geometry [linear, trigonal planar, or tetrahedral] (Section 1.7) 


Hybridization [sp, sp?, or sp?] (Section 1.9) 


Lewis structure | 


Types of bonds [single, double, or triple] (Sections 1.3, 1.10) 


Resonance (Section 1.6) 


The basic principles: 

e Resonance occurs when a compound cannot be represented by a single Lewis structure. 

e Two resonance structures differ only in the position of nonbonded electrons and т bonds. 

ө Theresonance hybrid is the only accurate representation for a resonance-stabilized compound. А 
hybrid is more stable than any single resonance structure because electron density is delocalized. 


z TA ..6— 
e 6 bo НИ 
CH3CH2— C | > CHsCHa — C. ас delocalized charges 
Ed = Ж 
|| | delocalized л bonds 
resonance structures hybrid 


The difference between resonance structures and isomers: 
e Two isomers differ in the arrangement of both atoms and electrons. 
e Resonance structures differ only in the arrangement of electrons. 


e: CO: :0: 

7 / 

CH3—C CH3CH; — C —— CH3CH; — С 
N e^ NS 
:0—CHs О-Н O-H 


в 


| | d 


isomers resonance structures 


Geometry and hybridization 


The number of groups around an atom determines both its geometry (Section 1.7) and hybridization 
(Section 1.9). 


Number of Geometry Bond angle (?) Hybridization Examples 
groups 
2 Ппеаг 180 sp НС-СН 
3 trigonal planar 120 sp CH,=CH, 
4 tetrahedral 109.5 өр” CH,, NH,, H,O 
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Drawing organic molecules (Section 1.8) 


e Shorthand methods are used to abbreviate the structure of organic molecules. 


сна Н СН; 


| БЕК 
РА = аа ие = (CH3); CHCH2C(CH3); 
H Н Сн; 
Skeletal structure isooctane condensed structure 


ө Acarbon bonded to four atoms is tetrahedral in shape. The best way to represent a tetrahedron is to 
draw two bonds in the plane, one in front, and one behind. 


Four equivalent drawings for СНд | 


Н H H 
| | d hd 


и 


C. eC С 1 
ud 'H HY “~ EC 
H Nu it H H H H 


Each drawing has two solid lines, one wedge, and one dashed wedge. 
Bond length 
e Bond length decreases as you go from left to right across a row and increases down a column of the 


periodic table (Section 1.7A). 
| | 


cM > —N-H > —0O-H Н-Ғ < Н-СІ < H—Br 
= —MM A 
Increasing bond length Increasing bond length 


e Bond length decreases as the number of electrons between two nuclei increases (Section 1.11A). 


CH3 — CH3 < СН2= СН; < Н-С=С-Н 


| 


Dno 
Increasing bond length 


e Bond length increases as the percent s-character decreases (Section 1.11B). 
Csp —H Csp? -H Csp? Н 
——— сей 

Increasing bond length 


e Bond length and bond strength are inversely related. Shorter bonds are stronger bonds 
(Section 1.11). 


longest C-C bond | | \ / = shortest С-С bond 
weakest bond ED C=C --СЕС-- strongest bond 


= 
Increasing bond strength 
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e Sigma (o) bonds are generally stronger than т bonds (Section 1.10). 


| | No ol 
—C-Cc— с=с —C=C— 
||| У RES 
1strong o bond 1stronger с bond 1stronger с bond 
1 weaker л bond 2 weaker л bonds 


Electronegativity and polarity (Sections 1.12, 1.13) 


e Electronegativity increases from left to right across a row and decreases down a column of the 
periodic table. 

ө A polar bond results when two atoms with different electronegativities are bonded together. 
Whenever C or H is bonded to N, O, or any halogen, the bond is polar. 

e A polar molecule has either one polar bond, or two or more bond dipoles that reinforce. 


Drawing Lewis structures: A shortcut 


Chapter 1 devotes a great deal of time to drawing valid Lewis structures. For molecules with many 
bonds, it may take quite awhile to find acceptable Lewis structures by using trial-and-error to place 
electrons. Fortunately, a shortcut can be used to figure out how many bonds are present in a molecule. 


Shortcut on drawing Lewis structures—Determining the number of bonds: 

[1] Count up the number of valence electrons. 

[2] Calculate how many electrons are needed if there are no bonds between atoms and every atom 
has a filled shell of valence electrons; that is, hydrogen gets two electrons, and second-row 
elements get eight. 

[3] Subtract the number obtained in Step [1] from the sum obtained in Step [2]. This difference 
tells how many electrons must be shared to give every H two electrons and every second-row 
element eight. Because there are two electrons per bond, dividing this difference by two tells 
how many bonds are needed. 


To draw the Lewis structure: 

[1] Arrange the atoms as usual. 

[2] Count up the number of valence electrons. 

[3] Use the shortcut to determine how many bonds are present. 

[4] Draw in the two-electron bonds to all the H's first. Then, draw the remaining bonds between 
other atoms, making sure that no second-row element gets more than eight electrons and that you 
use the total number of bonds determined previously. 

[5] Finally, place unshared electron pairs on all atoms that do not have an octet of electrons, and 
calculate formal charge. You should have now used all the valence electrons determined in the 
second step. 
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Example: Draw all valid Lewis structures for СН,МСО using the shortcut procedure. 


[1] Arrange the atoms. 
H 


HCNCO 
H drawn. 


[2] Count up the number of valence electrons. 


3H's x 1electron per H - 3 electrons 
2С5 x  Aelectrons per C = 8 electrons 
1М x 5 electrons per N = 5 electrons 
10 х беіесігопѕ per O т * 6 electrons 


22 electrons total 


[3] Use the shortcut to figure out how many bonds are needed. 


e Number of electrons needed if there were no bonds: 


3H's x 
4 second-row elements x 


2 electrons per H 
8 electrons per element 


e Number of electrons that must be shared: 


38 electrons 
— 22 electrons 


16 electrons must be shared 


e Inthis case the arrangement of atoms is implied by the way the structure is 


6 electrons 
* 32 electrons 


38 electrons needed if 
there were no bonds 


e Every bond requires two electrons, so 16/2 = 8 bonds are needed. 


[4] Draw all possible Lewis structures. 


e Draw the bonds to ће H's first (three bonds). Then add five more bonds. Arrange them between 
the C's, N, and O, making sure that no atom gets more than eight electrons. There are three 
possible arrangements of bonds; that is, there are three resonance structures. 

e Add additional electron pairs to give each atom an octet and check that all 22 electrons are used. 


Н-С-М-С-О 
H 


АП bonds drawn in. 
Three arrangements possible. 


Н-С-М-С-О: 
H 


Electron pairs drawn in. 
Every atom has an octet. 
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e Calculate the formal charge on each atom. 


H H H 
H-C-NsC О: = - H-C-N=c=6 - - н-С-Қ-с-о: 
JM | JEN 
1 1 1 


ө Youcan evaluate the Lewis structures you have drawn. The middle structure is the best 
resonance structure, because it has no charged atoms. 


Note: This method works for compounds that contain second-row elements in which every element gets 
an octet of electrons. It does NOT necessarily work for compounds with an atom that does not have an 


octet (such as BF,), or compounds that have elements located in the third row and later in the periodic 
table. 


Practice Test on Chapter Review 


1.a. Which compound(s) contain a labeled atom with а +1 formal charge? All lone pairs of electrons 
have been drawn in. 


ear 
1. ФЕТ 2. NX з. CH3—C— CH; 


4. Both (1) and (2) have labeled atoms with a +1 charge. 
5. Compounds (1), (2), and (3) all contain labeled atoms with a +1 formal charge. 


b. Which of the following compounds is a valid resonance structure for A? 


.. .. .. + 
осњ бен OCH; OCH 
1. 2. 3. 
К 


А 


4. Both (1) апа (2) are valid resonance structures for А. 
5. Cations (1), (2), and (3) are all valid resonance structures for A. 


c. Which species contains a labeled carbon atom that is sp^ hybridized? 


ZG 2 inm 5) — 


4. Both (1) and (2) contain labeled sp’ hybridized atoms. 
5. Species (1), (2), and (3) all contain labeled sp^ hybridized carbon atoms. 
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d. Which of the following compounds has a net dipole? 
1. CH,CH,NHCH,CH, 4. Compounds (1) and (2) both have net dipoles. 


2. СН,СН,СН,ОН 5. Compounds (1), (2), and (3) all have net dipoles. 
3. FCH,CH,CH,F 


2. Rank the labeled bonds in order of increasing bond length. Label the shortest bond as 1, the longest 
bond as 4, and the bonds of intermediate length as 2 and 3. 


3. Answer the following questions about compounds А-В. 


F oT oto 


a. What is the hybridization of the labeled atom in A? 

b. What is the molecular shape around the labeled atom in B? 

c. In what type of orbital does the lone pair in С reside? 

d. What orbitals are used to form bond [1] in D? 

e. Which orbitals are used to form the carbon-oxygen double bond [2] in D? 


4. Draw an acceptable Lewis structure for CH,NO,. Assume that the atoms are arranged as drawn. 


H О 
H C ONO 
H 


5. Follow the curved arrows and draw the product with all the needed charges and lone pairs. 


ОН 
О 


A. о — 


Answers to Practice Test 


] ud 2.А-—-1 3. а. sp” 4. Опе possibility: 5. 
b.1 B-4 b. trigonal planar ev o. Т 
c. 1 C-2 с. өр! o des be ? 
3 2 H-C-O-N-9 а о 
а.5 D-3 d. Csp —Csp Т E 
e. Csp—Osp’, 
Cp-Op 
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Answers to Problems 


1.1 


1.2 


1.3 


1.4 


Two isotopes differ in the number of neutrons. Two isotopes have the same number of protons and 
electrons, group number, and number of valence electrons. The mass number is the number of 
protons and neutrons. The atomic number is the number of protons and is the same for all 
isotopes. 


Nitrogen-14 Nitrogen-13 
a. number of protons = atomic number for N = 7 7 7 
b. number of neutrons = mass number — atomic number 7 6 
c. number of electrons = number of protons 7 7 
d. group number 5A 5A 
e. number of valence electrons 5 5 


Ionic bonds form when an element on the far left side of the periodic table transfers ап electron to 
an element on the far right side of the periodic table. Covalent bonds result when two atoms 
share electrons. 


ibo Л 
_ ET cun 
F—F b. Li* Br c. H-C-C-H d. Na* RN е. Ма’ :0- C—H 
= | 
H H HS H 
covalent ionic Both М-Н bonds are 
All C-H and C-C covalent. ionic All other bonds 


bonds are covalent. ionic are covalent. 


Atoms with one, two, three, or four valence electrons form one, two, three, or four bonds, 
respectively. Atoms with five or more valence electrons form [8 — (number of valence electrons)] 
bonds. 


а. О 8—6 valence е —2 bonds c. Вг 8—7 valence e` = 1 bond 
b. Al 3 valence е = 3 bonds d. Si 4 valence е = 4 bonds 


[1] Arrange the atoms with the H's on the periphery. 

[2] Count the valence electrons. 

[3] Arrange the electrons around the atoms. Give the H's 2 electrons first, and then fill the octets 
of the other atoms. 

[4] Assign formal charges (Section 1.3C). 


У [1] H H [2] Count valence е“. [3] " р All 14 e7 used. 
| HC C H 2Cx4e = 8 H-C—C—H All second-row elements 
Pa бНх1е = 6 М |, have an octet. 
totale = 14 
Б [1] H [2] Count valence е“. [3] А ^ 4 
i нс H 1Cx4e- 4 H-C-N-H ~ H-C-N-H 
H 5Нх1е = 5 " И Н ü 
1Nx5be- 5 
totale" = 14 12 е used. 


М needs 2 more 
electrons for an octet. 
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[1] H H [2] Count valence е. [3] H H H H 
c. - È EE [ШЕ eee 
H С С Br 2Сх4е - 8 H-C-C-Br - H-C-C-Br: 
5Нх1е- = 5 ГЕВ" bs. dba. а 
RUM 1Вгх7е = 7 pb c 
total e - 20 14e used. Complete octet. 
Br needs 6 more 
electrons for an octet. 
1.5 Follow the directions from Answer 1.4. 
a. ЊСО нсо Count valence е“. H-C-O ~ Н-С-О: 
1Cx4e = 4 | 4 
H 2Нх1е` = 2 
1Охбе` = 6 6e used. Complete O 
totale. =12 _ and C octets. 
но Count valence ет. Н а E В a 4% 
b НОСН СОН H О С C OH 2Cx4e- 8 Е о 
H 4Hxie = 4 H H 
ЗОхбе -18 
totale -30 16 e used. Complete octets. 


1.6 Follow the directions from Answer 1.4. 


a. HCN HCN Count valence е“. Н-С-М > H-C=N: 
1Сх4е = 4 
1Hx1e = 1 4e used. Complete N 
1Мх5е = 5 and C octets. 
totale = 10 
b. C3H4 H Count valence е. | | 
HCCCH 3Cx4e = 12 H-C-C-C-H >  H-C-CEC-H 
4Hxle = 4 | | 
Б totale. = 16 H Н 
12e used. Complete octets. 


1.7 Formal charge (FC) = number of valence electrons — [number of unshared electrons + 
(у (пштбег of shared electrons)] 


а 6 [2 + (/2)(6)] = +1 
H 
a | H-N-H с 10-0-0: 
/^ / 
5 – [0 + (/2)8)] = +1 6 - [4 + (/2)4)] = 0 6 - [6 + (1/2)(2)] = 1 
5 – [0 + (/2)(8)] = +1 – [0 + =+ 
[0 *( | )] y 5 – [0 + (/2)(8)] = +1 
b. ,CHs—NzC: d. CH; N-Q-— 6 [4+ (/2)4)] = O 
/ :0: = 6 – [6 + (/2)(2)] = -1 
4 – [0 + (1/2)(8)] = 0 4 – [2 + (1/26) = —1 


4 – [0 + (1/2)(8)] = 0 
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1.8 
a. СНО“ ин 
b. НС» и H 
+ 
с. (CH3NH3) и H 
H C 
H 
d. (Снамн)- и H 
Н 
Н 
1.9 
а. = 
6 – [2 + (/2)6] = 1 
1.10 


а. С>НдСЬ (two isomers) 


> | | 
СО [2] Count valence е”. [3 H T О я B 
H 1Сх4е = 4 H H 
3Hx1e = 3 
10x6e = 6 8e used. 
totale" =13 
Add 1 for (-) charge = 14 
С C [2] Count valence е”. [3] Н-С-С ——- H-CzC: 
2Cx4e =8 " 
ІНхіе- 24 Де used. 
totale -9 
Add 1 for (-) charge = 10 
H [2] Count valence е”. [3] H М 
мон ПЕСНЕ теле H-C-N-H 
6Нх1е = 6 | | 
H 1Мх5ег- 5 H H 
totale" -15 14 e- used. 
Subtract 1 for (+) charge = 14 
[2] Count valence е”. [3] | 
N H схе 4 Н-С-М-Н 
4Нх1е` = 4 | 
1МхБе-= 5 H 
total e7 =13 10 ег used. 
Add 1 for (-) charge = 14 
b =( = с — 


6 - [2 + (1/2)6] = +1 6 – [4 + (1/2)4]=0 


Count valence ет. H H H H 
-= | | | I аз 
dcn. н-с—с—С! H-C—C-CI: 
4Нх1е- = 4 i| dE UR: 
2Сх7е = 14 H :Cl Cl: H 
totale = 26 
b. C3HgO (three isomers) à 
Count valence е“. | | . 
ЗСх4е = 12 H " " н 20: н н н н 
8Hx1e = 8 imm Qu 2E c А Drm Т 
ПО“ = 6 H HH ннн нн H 
totale -26 


C. CaHg (two isomers) 


H H 
Count valence е”. " " Е 
3Cx4e =12 Н-С-С-С К 
6Hx1e-- 6 MEE н-С-6-н 
totale" -18 H H H H H 


Assign charge. 


[4] H-C=cr 


Assign charge. 


Complete octet and 
assign charge. 
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1.11 Two different definitions: 
e Isomers have the same molecular formula and a different arrangement of atoms. 


e Resonance structures have the same arrangement of atoms and a different arrangement of 


electrons. 
Memes N in the middle 2 2 3 E 9 
PM D ^ О: :0: 
а. :N=C=0: and :С=М-О: 5. indue: and ОРИ 
different arrangement of atoms = isomers same arrangement of atoms = 


resonance structures 


1.12 Isomers have the same molecular formula and a different arrangement of atoms. 
Resonance structures have the same molecular formula and the same arrangement of atoms. 


2 lone pairs 3 lone pairs 
fim СНз bonded їо С=О Н bonded to С=О 
20: 0: :0: :0: 
| |] - 
а. H C.. H C 
`c’ “ӛн "c^ зон c. Hy т H“ seron 
py O ТАИ (ЖОШ /\ 
aa H H H H 
A B 
A D 
same arrangement of atoms = 
resonance structures different arrangement of atoms = isomers 
Hb i | ur 
" 7 2; . OH 
B €^ "OH CHs—C-OH do "қазбасы не ет" 
"DS Е U 7\ > /\ 
H H H H H H H 
A С 
" B D 
СНО (С2Н502) 
different molecular formulas = neither different arrangement of atoms - isomers 


1.13 Curved arrow notation shows the movement of an electron pair. The tail begins at an electron pair 
(a bond or a lone pair) and the head points to where the electron pair moves. 


N i | 
H H | 
N N 222 N Саон С олон 
а. =O - > +с—О: b. oi SC = CH3, ez "xe 
/ E | | | 
a H н H H H 
The net charge is the same The net charge is the same 
in both resonance structures. in both resonance structures. 


1.14 Compare the resonance structures to see which electrons have “moved.” Use one curved arrow 
to show the movement of each electron pair. 


H Н ..— 
| :0: :0: 
H+ C CH3 H C. , „СНз Lil 
а Сса/хс” ^c? ^67 un Cu aei. ш> С 
| ^/ | | е 30: 707 So 
H H H 
One electron pair moves: Two electron pairs move: 


one curved arrow. two curved arrows. 
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1.15 То draw another resonance structure, move electrons only іп multiple bonds and lone pairs and 
keep the number of unpaired electrons constant. 


| | ЕТ qum 
| | 
С „Сн снес ; 2 CH CIC. Сы а 
ОЗУ ааа НАСИ оца а CHa^ "C^ “Зең, «— СУ "C^ `ch 
БАЖ arn | | | | 
нон H H H H 
or 
.. . 7 
H A СС: H Cl: io) О 
b AD К | ~ i | 
a GE 2 ан Тс сн” ^ c^ c 
о H 
H H H H ? | 3 А 3 
t H H 
Ço: © 
HN. LC HN. С 
unb dur. — ТА 
“XN FN 
нон H H 


1.16 A “better” resonance structure is one that has more bonds and fewer charges. The better 
structure is the major contributor and all others are minor contributors. To draw the resonance 
hybrid, use dashed lines for bonds that are in only one resonance structure, and use partial charges 
when the charge is on different atoms in the resonance structures. 


H H H H 
CH N CH № на с MT H с H 
BN tL Зх сч те РОР 
а. CAT EE: C CH С C = 7 С 
y N Chs A | | | 
H H H H H 
All atoms have octets. у 
е. These two resonance structures are equivalent. 
hybrid: H one more bond They both have one charge and the same number 
ae major contributor of bonds. They are equal contributors to the hybrid. 
СНз 9+. N 
г “сн hybrid: ^ 
H H A „СА = H 
| | 
H H 
1.17 
ee + 
CH3 NH; сн; NH2 
N / \ 1 
a езге! — = 
им л / \ 
сн Нн CH; H 


b. The N atom in B has four atoms and no lone pairs, so there is no way to move the electrons to 


give the N another bond. 
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1.18 To predict the geometry around an atom, count the number of groups (atoms - lone pairs), 


making sure to draw in any needed lone pairs or hydrogens: 2 groups = linear, 3 groups = trigonal 
planar, 4 groups = tetrahedral. 


М has 2 atoms + 2 lone pairs 


3 groups - trigonal planar 4 groups = tetrahedral (or bent molecular 
shape) 
4 groups = tetrahedral 4 groups = tetrahedral 
d 2 | 
a. CH3— C — CH3 еді ЕНЕ 
3 groups = trigonal planar 
2 groups - linear 
4 groups - tetrahedral 4 groups - tetrahedral 4 groups = К J 
\ s: / d. CH3—C=N: 

b. СНҙ-О-СН; 


| 


2 groups - linear 
4 groups = tetrahedral (or bent molecular shape) 


1.19 To predict the bond angle around an atom, count the number of groups (atoms + lone pairs), 


making sure to draw in any needed lone pairs or hydrogens: 2 groups = 180°, 3 groups = 120°, 
4 groups - 109.52, 


This C has 3 groups, so 


2 groups - 180* both angles are 120*. 


Яб ШЕРІ a 
a. СНҙ-С-С-СІ: b. сн, 62 8; C: сы: 
Н 
This C has 4 groups, so 
both angles are 109.5*. 


2 groups - 180* 
1.20 To predict the geometry around an atom, use the rules in Answer 1.18. 


4 groups 
tetrahedral (or bent molecular shape) 


"a 
RM 
N 
3 groups H (uu peu c eH 
trigonal planar H ETS H H HH 
H H H C=C H 
| | | 4 У 
H-O-C-C-C-czc-czc c H 4 groups 
| S | | H tetrahedral 
2 groups 
4 groups i 
tetrahedral ingar 


(or bent molecular shape) 
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1.21 Reading from left-to-right, draw the molecule as а Lewis structure. Always check that carbon has 
four bonds and all heteroatoms have an octet by adding any needed lone pairs. 


(CH3)3CCH(OH)CH2CH3 (HOCH )2CH(CH2)3C(CH3)2CH2CH3 


H (CH3)2CHCHO H 
| 
н-С-н б ji -C—H 
инини] е c И нон 0: RR n 
| | | ІІ | | 1 PH 
а„„Н=зС=С=С=<С= С=с =н meer ae үл с H-C-C—C-H Bon ЖР Ты 
leet’ SE Ale, al | 
"аңнан | HH-C-H H H H H H ннн | ada 
ia | H-C-H H-C-H | H-C-H 
| 
H | m H 
CH3(CH2)4CH(CH3)2 double bond H 
needed to give 
C an octet 


1.22 Draw the Lewis structure of lactic acid. 


H 
H ДО: :О: 

СНЗСН(ОН)СО›Н ~ H с с c O-H 
H H 


1.23 In shorthand or skeletal drawings, all line junctions or ends of lines represent carbon atoms. 
The carbons are all tetravalent. 


1H 1H 
| О ІН | о о 
а. “о A b. ^o @ le | 


осїїпохаїе = 3H's 
(2-ethylhexyl 4-methoxycinnamate) avobenzone 
CigH2603 C20H2203 


1.24 In shorthand or skeletal drawings, all line junctions or ends of lines represent carbon atoms. 
Convert by writing in all carbons, and then adding hydrogen atoms to make the carbons 


tetravalent. 
H СНз ое. CH H HH HH H 
287 нас“ “сен MN HE. "ON Ме 
2 NE ШЕ ЖК os e D e TT dq. c NC Seo TOR 
D m EL Н о | ТА Па i 
H H HH H H HH 3 
1.25 
H ЖСН 
^N мо о 
но 
A OH 
a b. 
2 NH2 
СІ N HO 


CigH26CIN3 СоНиМО4 
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1.26 A charge on a carbon atom takes the place of one hydrogen atom. A negatively charged C has 
one lone pair, whereas a positively charged C has none. 


H T О = 
| > P 4 Y й 
positive charge negative charge positive charge negative charge negative charge 
no lone pairs one lone pair no lone pairs one lone pair one lone pair 
no H's needed one H needed one H needed one H needed no H's needed 
1.27 
а 
“м 
N^ Е О 
О: 
м Й | 
а b с. N+ d О 
:0: % 


1.28 Draw each indicated structure. Recall that in the skeletal drawings, а carbon atom is located at the 
intersection of any two lines and at the end of any line. 


O 
а. CH30(CH2),COCH=C(CHs)2 = X а а c а = (CHs)2CH(CH2),CONHCHs 
| 
О H 


H H 


\ І О 
снз—С——С—СНн›СН5›С! СІ ба ДІ ШЫ. 
HaN—C— C-H 
H 'H VIN 


1.29 To determine the orbitals used in bonding, count the number of groups (atoms + lone pairs): 
4 groups = sp’, З groups = sp’, 2 groups = sp, Н atom = 15 (no hybridization). 
АП covalent single bonds аге c, and all double bonds contain one o and опе т bond. 


Each H usesa ——-H H H 
4s orbital. | | | АП single bonds аге Each C-C bond is Csp?—Csp?. 
Ho TH о bonds. Each C-H bond is Csp?-His. 


Total of 10 o bonds 
Each C has 4 groups and is 


sp? hybridized. 


1.30 Draw a valid Lewis structure and count groups around each atom: 4 groups = sp’, 3 groups = sp’, 
2 groups — sp, H atom - 15 (no hybridization). 


H 
(а) (d) |-— (0 а. Csp?—Osp? All lone pairs are in sp? hybrid orbitals. 
E SM < N 42526 b. Оср3-Н1 
a U C. Nsp?—His 
о а. Csp?-Nsp? 


ы” 
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1.31 To determine the hybridization, count the number of groups around each atom: 4 groups = sp’, 
3 groups = sp’, 2 groups = sp, Н atom = 15 (no hybridization). 


/ 
аа СНҙ-СЕСН b. (је с. СН;--С-СН; 
TEE | || 


3groups 3 groups З groups 2 groups 
4groups 2 groups sp? m sp? 5р 
sp? 5р р 
р 


1.32 


b. О has three groups (one atom + two lone pairs), so it is sp? hybridized. 
C. С;р2-Озр2 Ср-Ор 


Five sp? hybridized C's are labeled. 


d, e. Draw in all H atoms to count с bonds. Each С-Н and С-С single bond is a o bond. Each 
double bond has one o bond and one « bond. 


23 o bonds 
Зл bonds 


1.33 Single bonds are weaker and longer than double bonds, which are weaker and longer than triple 
bonds. Increasing percent s-character increases bond strength and decreases bond length. 


20: 

x. OH 

a (>= y double bond A | H ки = 

| Csp?—Hts серн 
triple bond 3396 s-character Ам 
P shorter bond 25% s-character 
The triple bond is shorter 
than the double bond. 

single bond H H 

H double bond j 

7 x г | {= ^ Gan 

oe Ж 

> AM т 
Nsp3—H1s 
Мвр2-Н1 
сем ui 5 25% s-character 
А 33% s-character 
The С-М bond is shorter shorter bond 
than the C-N bond. 
1.34 Increasing percent s-character decreases bond length. 
[3] [4] OH 
1 2 2 
ВАЛ ~ 
| | Csp—Csp? Csp?—Csp? 


Csp?-Csp? Csp?—Csp 


[2] < [3] < 1] < [4] 
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1.35 Electronegativity increases from left-to-right across a row of the periodic table and decreases 
down a column. Look at the relative position of the atoms to determine their relative 


electronegativity. 
most electropositive most electropositive most electropositive most electropositive 
| most electronegative | most electronegative | most electronegative | most electronegative 
бе<5<0 Ма<Р<СІ S«CI«F P«N«O 
a. b. с. d. 
increasing increasing increasing increasing 
electronegativity electronegativity electronegativity electronegativity 


1.36 Dipoles result from unequal sharing of electrons in covalent bonds. More electronegative atoms 
“pull” electron density towards them, making a dipole. Dipole arrows point toward the atom of 


higher electron density. 


ô+ ӧ- la TE sal 8 
a. H—F b. ge а с. = а. + 
"E, 


1.37 Polar molecules result from a net dipole. To determine polarity, draw the molecule in three 
dimensions around any polar bonds, draw in the dipoles, and look to see whether the dipoles 


cancel or reinforce. 


Electronegative 
atom pulls е” density. 


ô- 
Br ЈЕ ò+ 
| | ted я | » d no resulting dipole = 
a. no het dipole : | md nonpolar molecule 
H^ vH XN" Fò 
H д-ЕЈХ NG E Four polar bonds cancel. 
АП С-Н bonds have no dipole. 5- 
one polar bond 
net dipole - polar molecule 
resulting dipole - 
ò+ polar molecule 
H | H d 8 8- 
1 . -CI СІ 
i fe ew Ж 64 е resulting dipole = X = E 
b. Br—-C-Br их polar molecule / N 


| 
H 58" | Bra- H H 


Note: You must draw the molecule in three ; + T 

dimensions to observe the net dipole. In the e 6-СІ H ne resulting apoE = 

Lewis structure, it appears the dipoles would № ГА nonpo'ar molecule 

cancel out, when in fact they add to make a ò+ С=Со+ 

polar molecule. y N Two polar bonds are 
H Cl ô- equal and opposite 


and cancel. 
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1.38 a, b. Convert the skeletal structure to а Lewis structure. Each O atom needs two lone pairs and 
each N atom needs one for an octet. Count groups around an atom to determine hybridization 
and shape. 

sp? hybridized 
and trigonal planar 
H-0: \ н 


sp? hybridized 
and tetrahedral 


sp? hybridized and 
trigonal pyramidal 


c. All C-O, O-H, М-Н, and C-N bonds are polar because the electronegativity difference between 
the atoms is large. 


1.39 


Skeletal structure 


b. Circled carbons are гр hybridized. АП other carbons аге sp’ hybridized. 
c. Each N is surrounded by three atoms and a lone pair, making it sp’ hybridized and trigonal 
pyramidal in molecular shape. 


d. 
О 
OH 
H == O р 
H=N-N 11 polar bonds shown in bold 
7 % O=H 
H 
1.40 
О 
OH 
а, Б, с O Ho 6 Сено) 
H. p H 14 lone pairs, 2 lone pairs on each O 
[9] О 


d. Each С that is part of а C=O is sp’ hybridized, so there are three sp’ C's. 
e. Orbitals: 
[1] C=O, Сӛр-Озр" and Ср-Ор 


] 
[2] C-C, Csp-Csp 
[3] O-H, Озр-Ні 
[4] C—O, Csp-Osp? 
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1.41 


OH 


a, b, c. СиНаОз 


OCH; 6 lone pairs, 2 lone pairs on each O 


О 
d. The өр” hybridized C's (seven) are labeled with circles. 
e. Orbitals: 


[1] 
[2] 
[3] 
[4] 


C-C, Csp’—Csp’ 
C-C, Csp’—Csp’ 
С-Н, Csp—H1s 
C-H, Csp— His 


1.42 Formal charge (FC) - number of valence electrons — [number of unshared electrons 4- 
шы of shared о C is in group 4A. 


-(03 * (126) - [1 + + (726) - [2 + + (1/24) 4 –[0 + (1/2)(6)] 4 - [0 + (1/2)(8)] - [2 + (1/2)(6)] 
=+1 =0 == 


1.43 Formal charge (FC) = number of valence electrons — [number of unshared electrons + 
(2) (number of shared electrons)]. N is in group 5A and О is in group 6A. 


- [0 + (12)(8)] = +1 5 – [2 + (1/2)(6)] = 0 


EN ^ | 


5 — [4 + (/2)4)] = -1 ая = —1 6 - [2 + (/2(6) = +1 6 – [4 + (/2(4)] = 0 
5 —[4+(У24й=- 


1.44 Follow the steps іп Answer 1.4 to draw Lewis structures. 


E H H 
a. СНМ; Е МЕМ с. СНзСМО | + | - + 
| Н-С-СЕМ-О: ог Н-С-С-М-0 
- H 
уајепсее ___ ог мајепсе е” H H 
1Cx4e = 4 2Cx4e-8 
2Hx1e = 2 nor on Н 5. 
2Nx5e-- 10 p Б: Pu deed HE 
- | INx5e = 5 or H-C-C-NzO 
totale - 16 H 1Охбе` = 6 | 
Н 
totale" = 22 
H H as — = =Ni с— 
b. СНЗМО» Йо ыз um ды ЕНЕМ n T dE M. Т ESN 
Него ог а valence е” H H 
valence е” H:O: Н:0: 2Сх4е = 8 
1Схде = 4 2Hx1e = 2 
PAATE ad INx5e =5 
INx5e = 5 1 for (-) charge = 1 
20хбе =12 total е” =16 
totale” = 24 
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1.45 Follow the steps іп Answer 1.4 to draw Lewis structures. 


а. (СНзСН?)20 [1] [2] Count valence ет. [3] Т Т jh Н [4] H H i М 
нссоссн 10x6e = 6 Н-С-С-О-С-С-Н H-C-C-O-C-C-H 
10 Нх1е = 10 | 1 || м uer uw 
HH HH PER = H H H H H H H H 
totale = 32 28 e used. Add lone pairs. 
b. CH2CHCN тш H H [2] Count valence е. [3] Т " [4] М | 
ссм 1Мх5е = 5 C—-C-C-N С=С-СЕМ 
ЗНх1е- 3 | | 
ы 3Сх4е-- 12 H H 
totale = 20 12 е” used. Add lone pairs 
and л bonds. 
с. (HOCH2)2CO [1] нон [2] Count valence e7. [3] нон [4] H :O: H 
ЗОхбе = 18 be Boo ТЕК ИК ШАН ЖЕ 
носссон а H-O-C-C-C-O-H Н-О-С-С-С-О-Н 
бНх1е = 6 | | о] D^ 
H H ЗСх4е = 12 H H H H 
totale = 36 22 е” used. Add lone pairs 
and л bonds. 
d. (CH3CO)20 [1] он [2] Count valence е. [3] H o он ШІ H:O: ОН 
ЗОхбе = 18 | | | | У а Т al 
H C C OC CH E H-eC-—C—O0—C-UC—H  H-C-—-C-O-C-—-C-—H 
6Нх1е = 6 | | E | 
H H 4Сх4е` = 16 H H H H 
totale = 40 24 е” used. Add lone pairs 
and л bonds. 
1.46 
a. b. Two of the possible resonance structures: 
T .. .. 
NH2 NH2 NH2 
„А. бі пуни о == ог 
HN Ми HN ШІ, ie НМ NOW 
| O | 120: 20: 


1.47 Isomers must have a different arrangement of atoms. Compounds аге drawn as Lewis structures 
with no implied geometry. 


а. Two isomers of molecular formula C3H7Cl с. Four isomers of molecular formula C3HgN 


банн неби н AU rur | 
HEE CH носон POI E CC 
H H H HH ннн H H H H 
H H H H H 
b. Three isomers of molecular formula C2H4O H lee N D H TES i-i H 
| | | | 
ze . H H H H 
:О-Н ОН :0: 
| || H. m 2 H-C—H Н-М: 
Н-С-С-Н Н-С-С-Н SCC | | 
| | H H H 
H H 
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1.48 
Nine isomers of C3HgO: 

н noo "io H НН "n HO: н нн 
H-C-C-C-H H-C-C-C-H н-сяс-с-он н-с=с-с-н я = а 
нн H H H HO H H H H H 

m H 
H :O-H MET iy dH 
E CEPS Seb 
р Bo wd 
Eom "E SH hd 
€ БҰ 1 Y 
à ü H H 


1.49 Use the definition of isomers and resonance structures in Answer 1.11. 


:0: :0: :0: 
опе тоге Н 
7 л 


:0: :0: опе fewer Н 


А B one more H с опе fewerH D E 
isomer resonance isomer resonance 
Two labeled structure structure 
C's differ. 


1.50 Use the definitions of isomers and resonance structures in Answer 1.11. 
ж : 27 ж i 27 
рО po Ка 
Sy ФЖ м” 2 SN № Sy Ху. 
А в А 


Е 
CoH49N* resonance structure 


resonance structure 


" 
Sn 22 опе “м = 
55 fewer Н опе 
тоге Н 

А С р 

CgHioN* CgH;2N* 
not a resonance not a resonance structure 

structure 


different molecular formula 


1.51 Use the definitions of isomers and resonance structures in Answer 1.11. 


О 27 A .. 
i CT н Lo i [I m 


Both Се Н520, different connectivity same arrangement of atoms 
isomers resonance structures 


т У 27 Хы. 27 
· апа See „г ; апа 
ÆA 
Both СаНа, different connectivity СНА СН 
отете different molecular formula 


neither 
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1.52 Compare the resonance structures to see what electrons have “moved.” Use one curved arrow to 
show the movement of each electron pair. 


H 
| 


| 
М 
а Шы 


One electron pair moves - опе arrow 


C 


om ЕР - ст 


Four electron pairs томе = four arrows 


1.53 Curved arrow notation shows the movement of an electron pair. The tail begins at an electron pair 
(a bond or a lone pair) and the head points to where the electron pair moves. 


Two electron pairs move = two arrows 
Charge is on both O's. 
gs 


Double bond can be in two locations. 


b. ds 


Two electron pairs move 7 two arrows 


Charge is on both atoms. 


8- 
Double bond can :0: 
be іп two locations. e 


ò- hybrid 


Cx 


+ .. 
NH2 : NH; 


One electron pair moves - one arrow 


5+ 4— Charge is on both atoms. 


QU ouf 


ô+ H 


hybrid 


С-О bond has 
partial double bond character. 
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1.55 For the compounds where the arrangement of atoms is not given, first draw a Lewis structure. 
Then use the rules in Answer 1.15. 


а. Оз Count valence е“. 


2% + 
ЗОхбе =18 :0-0=0 
total e^ -18 


b. МОз (а central М atom) 
Count valence e7. TN Ө: :б: 


INx5e = 5 CAS n 5 
30x6e -18 E NE оу _ Ij ES 
(-)charge = 1 :0: : о: 
total е” = 24 


с. NS Count valence ег. - a 
3Nx5e -15 
(~) charge 1 
total е” 16 


SEE) аса? 


1.56 a. No additional Lewis structures сап be drawn for В. 
b. Additional Lewis structures can be drawn for А, C, and D, which are all examples of Х=Ү-7: 
resonance. 


OF ОУ 
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1.57 To draw the resonance hybrid, use the rules in Answer 1.16. 


1.58 A “better” resonance structure is one that has more bonds and fewer charges. 
structure is the major contributor and all others are minor contributors. 


О: :0: :0: 
4 / / 
\ \ № + 
/ :0-Снз //£i9- cns / O- CH 


3 С-О bonds 2 C—O bonds 3 С-О bonds 
no charges 2 charges 2 charges 
contributes the most contributes the least 


1.59 


H H H H 
A 


DEN. КА д. 
= -X | 


- ` 10 electrons 
invalid around N 


[0] 


Тһе better 


resonance structure 


7) 7 5% 7 4 
5 д к= = | Pee s 


resonance structure 


Б 
7 + ~ 


= ce 
invalid fh 


10 electrons 
around C 


2 — x HO The arrow shows the 
f. uL cleavage of a o bond and o 
bonds aren't broken in 


resonance structure drawing resonance structures. 
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1.60 Use the rules in Answer 1.19. 


3 groups - 120* 
CI H 2 H 


Ут а 
a.  CHsCI EY C. 420% Се ni groups - 109.5 H СІ 
Hie HS 3 “ сњ е. 
3 groups = 120" H H 
4 groups = 109.5* 
TUM H 120 

All C atoms have 

4 groups = ~109.5° 4 groups = 109.5° 3 groups = 120°. 

H 


|». 
HC=C—C—OH 


b. Te. d. P je 


= " both C's surrounded by 4 groups - -109.5* 
4 groups = ~109.5 2 groups - 180* 


1.61 To predict the geometry around an atom, use the rules in Answer 1.18. 


"n s c. С) е. (снз)з№: 
| ~— 3 groups | 


ИЕ (3 atoms) 
(a tons) trigonal planar 4 groups | 
tetrahedral (З atoms, 1 lone pair) 
tetrahedral 
(trigonal pyramidal molecular shape) 
b. (СН 9 
| йе. 
| он 
4 groups 
(2 atoms, 2 lone pairs) 3 groups 
tetrahedral (3 atoms) 
(bent molecular shape) trigonal planar 


1.62 In shorthand or skeletal drawings, all line junctions or ends of lines represent carbon atoms. 
The C's are all tetravalent. All H's bonded to C's are drawn in the following structures. C's 
labeled with (*) have no H's bonded to them. 


H HH о HHHH H H H 
CH он " 
3 
N^* “ae . 
a | b rt У 
у H HH HH H H СН; ; h H 
H 
H H 
H он 
27 
T H 
H 
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1.63 In shorthand or skeletal drawings, all line junctions or ends of lines represent carbon atoms. 
Convert by writing in all C's, and then adding H's to make the C's tetravalent. 


H но 
H | jum H 
н. C-C H Ch 
*. снесе с—с-н 
\ 
= CH3 H H H CH; о-н 
Hoh. s H | нм / 
нон Hi о на „С. l cH 
C^ H H H H EN ae іі 
menthol | “/ H №7 H 56 С. 0 `H 
(isolated from peppermint oil) с. СНз С >С UN. VC а "c^ 79e co VC. 
C | N С С CH3 N | H 
‘\ H H DES |^ || | | NH 
HH HH cH Н.С. 2C. LC. 
71~ O C | Н 
H H | OH | ^N H 
rds HH С H H H H 
Y 
[o С СС ethambutol А 
AERE RET е, А estradiol 
b. СНз о A. 5 H (drug used to treat tuberculosis) (a female sex hormone) 
H HH н 
myrcene 


(isolated from bayberry) 


1.64 In skeletal formulas, leave out all C's and H's, except H's bonded to heteroatoms. 
а. (CH3;CHCH;CH3CH(CH3); C. — CHa(CH3);C(CH3) CH(CH3)CH(CH3)CH(Br)CHs 


Br 


Cc-C^ H СНз 
b. CH3CH(CICH(OH)CHs 4 сњ-с сс =! ( 
A 
cI с=с сн; 


limonene 
OH (cil of lemon) 


1.65 In skeletal formulas, leave out all C's and H's, except H's bonded to heteroatoms. 


а. CH3CONHCH3 c. (CH3)3COH e. СНАСОСЊСОДН 
0 о o 
M m FM 

Ж 
ің Es OH 
H 
b. CH3COCHBr d. CH3COCI f. НО; ССН(ОНЈСО>Н 
о о о о 
pu p 
СІ HO OH 
OH 


1.66 A charge on a C atom takes the place of one H atom. A negatively charged C has one lone pair, 
and a positively charged C has none. 


H H 
" Т Е я H H HH H 
сн; > Ж.Х. сн; 
а. Е b. H LH c. d. CH3—C=NH xU d A 
li H | H H eA. CH 
H ТАШ) МЕ ан = 
H H H 
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1.67 То determine the hybridization around the labeled atoms, use the procedure in Answer 1.31. 


а /. E = 
а “8. b. cw c. d -е- e. . 


4 groups 4 groups 4 groups 2 3 groups 
(З atoms, 1 lone pair) (3 atoms, 1 lone pair) (4 atoms) sp, linear (2 atoms, 1 lone pair) 
sp?, tetrahedral sp?, tetrahedral 5р3, tetrahedral sp 2, trigonal planar 
(trigonal pyramidal (trigonal pyramidal 
molecular shape) molecular shape) 


1.68 To determine which orbitals are involved in bonding, use the procedure in Answer 1.29. 


H О: Csp?—Csp? 
Csp?—Hts — Р, л: C,-C, Csp?—Csp? 20: о: Csp?—Osp? Csp—Csp? 
о Jl C,-0, 


a. = Csp2—Csp? b. с. Н-СЕС-С-М-СН 


| 
| | Н sw О: Csp3—Nsp2 
Csp-Hts о: Csp—Csp 
л: C,-C, 
x: C,-C, 
1.69 
о: Csp- Csp? 2 
“Со- 5 
TONGUE Sp sp? P' [a bonds 
ketene ШЕЛ 15 gt Г) 440 sp? 
E 
о: Csp—Osp? | 5р | 


2 
5р л: Ср-Ор 


[For clarity, only the large bonding lobes of the hybrid orbitals are drawn.] 


1.70 To determine relative bond length, use the rules in Answer 1.33. АП C's and H's are drawn in for 


emphasis. 


Л 
н-с=с-сн;-с=с-с-н 


A e | 
HHH 


Csp—His Csp3—His 
highest Csp?-His lowest 

% s-character middle % s-character 
shortest % s-character longest 


middle 
1.71 


c. shortest, strongest C-C bond 
Б. апаа. bond (1) 
longest, x ат | 


weakest C-C ===== Н 
single bond | e. strongest C-H bond 


f. Bond (1) is a Csp?—Csp? bond, and bond (2) is a Csp?—Csp? bond. Bond 
(2) is shorter due to the increased percent s-character in the sp? 
hybridized carbon. 


bond (2) 


a. shortest C-C 
single bond 
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1.72 Percent s-character determines the strength of a bond. The higher percent s-character of ап 
orbital used to form a bond, the stronger the bond. 


vinyl chloride 


ај ан 33% s-character 
higher percent s-character 
stronger bond 


Csp? 


chloroethane (ethyl chloride) 
CH3 —- CH5 — CI 
25% s-character 


Csp? 


1.73 Dipoles result from unequal sharing of electrons in covalent bonds. More electronegative atoms 
“pull” electron density toward them, making a dipole. 


9+ 8- ô- 
a. МНҙ-ОН b. NH; 
| | 


1.74 Use the directions from Answer 1.37. 


а. CHBr3 b. CH3CH2OCH>CH3 
Н 


| 
ac^ a 
Br “Br net dipole 
Br 


aspirin 


Ба 


ре dipole 


1.75 


a. molecular formula C,H,O, 

b. eight lone pairs total 

c. C labeled with a circle is sp’ hybridized. АП 
other C's аге sp’ hybridized. 


d. three possible resonance structures: 


СҮҮС br 
Дру 


қ Еа í 


Br 
x7% Cl 
Ces 2 
Br net dipole no net dipole 
CI 


x 


sae 
x, 


caffeine 


. molecular formula C,H,,N,O, 


107 4 


b. eight lone pairs total 
c. C's labeled with a circle are sp’ hybridized. АП 


other C's are sp’ hybridized. 


. three possible resonance structures: 


:0: О: 
/ ЖИ 
N: : 


То ) 
s^ У ои У 
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1.76 
10 and 2 x bonds 
polar bond 
о 
(essentially) nonpolar 
Y 
tetrahedral CH3—C=N: 
5р3 hybridized | 
| linear 
inear sp hybridized 
sp hybridized The lone pair is in an 
Sp hybrid orbital. 
АП С-Н bonds are nonpolar o bonds. 
All H's use a 1s orbital in bonding. 
1.77 
PES 
E (у a. C's labeled with @ = 573. 
1 C labeled with Г] = sp. 
i All other C's are sp?. 
О 2 NS Р 
AR | p b. Each O has two lone pairs and the N atom 
|| has one lone pair, so octocrylene has five lone pairs. 
octocrylene c. C's labeled with & are tetrahedral. 
C labeled with is linear. 
All other C's are trigonal planar. 
and Е 
i Pw 
e. АП C-O bonds and the С=М are polar. 
1.78 
У ж.ж 22 В 
à (СІ Ж ~ a 
A B 
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hybrid: 


1,79 
а, Б, с. а. 
а 4 groups 
CH3 Sp 
N tetrahedral 
(trigonal pyramidal molecular shape) 
3 groups lone pair in sp? orbital constitutional isomer resonance structure 
2 
5р 
trigonal planar 
lone pair in sp? orbital 
1.80 a. 
longest C-N bond 
| (1 
H О ССН 
5: | | lo eT. uil 
МЕ тты бі; 
|| | *1 N NET 
Ow 2 Gn = C=C +H 
H-O С H E UH 
| H|H 
*N-O 
jus shortest longest C-C bond 
C-N bond 
А 3 
b. Тһе С-С bonds in the СН,СН, groups are the longest because they аге formed from sp 


hybridized C's. 

c. The shortest C-C bond is labeled with an asterisk (*) because it is formed from orbitals with 
the highest percent s-character (Csp—Csp’). 

d. The longest C-N bond is formed from the sp’ hybridized C atom bonded to a М atom [labeled 
in part (a)]. 


e. The shortest C-N bond is the triple bond (CN); increasing the number of electrons between 
atoms decreases bond length. 


о о 
4 
и S Тез "m S 
HO || s HO | EN 
NO; NO; 
Q: о 
C 
g iF : 
HO | М, HO | M 
N N 
NO; NO; 
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1.81 
= n 4 groups 
3 groups :CH group 
CH 3 3 
3 sp? trigonal planar sp” tetrahedral 
plot A (The molecular shape is trigonal pyramidal.) 
plot B 
The blue region is evidence of The red region is evidence of 
the electron-poor cation. the electron-rich anion. 


1.82 If the N atom is өр” hybridized, the lone pair occupies a p orbital, which can overlap with the т 
bond of the adjacent С=О. This allows electron density to delocalize, which is a stabilizing 


feature. 
: 52 2 . ө: 
а bonds їп -CCONH2 5, С, О, апа М use sp* hybrid orbitals to form o bonds. 
(6% 
qM л bond formed by overlap of Ср-Ор 
л bonds in -CONH; E у. 
HA == The lone pair occupies the unhybridized p orbital. 
1.83 
[1] 
а | o ll 
| 
СНз— OH С 
| 1 CH3~ | “он 
sp? sp? 
2596 s-character 33% s-character 
The lower percent s-character 
makes this bond longer. 
[3 жаа dave 
ids :0: 10: ò- 
b i | ‘| 
see = ee Са, AQ 
CH3 | 2 СНз ix О СНз “SO: ò- 
hybrid 

[4] 


two resonance structures 
Bonds [3] and [4] are both equivalent in length, because the anion is resonance stabilized, and the 
C-O bond of the hybrid is a composite of one single bond and one double bond. Both resonance 
structures contribute equally to the hybrid. Because each C—O bond in the hybrid has partial double 
bond character, it is shorter than the C—O bond labeled [2]. 
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1.84 Ten additional resonance structures are drawn. (There are more possibilities.) 


LY 


H H = H 
.. 7 .. ГА .. = ГА 
но № но = ~ но —N- 
oe .. + == .. C = .. 


1.85 Polar bonds result from unequal sharing of electrons іп covalent bonds. Normally we think of 
more electronegative atoms “pulling” more of the electron density toward them, making a dipole. 
In looking at a Csp’—Csp’ bond, the atom with a higher percent s-character will “pull” more of the 
electron density toward it, creating a small dipole. 


33% s-character ò- 5+ 
higher percent s-character — Csp? — Свр — 
pulls more electron density 


more electronegative | Bg una сы 


1.86 
Isomers of C4Hg: 
| ; MEN 
нс C. „СНз „Н CH3 
C^ ` CHCH; о м сш сн” °С H^ Se 


These two compounds are different 
because of restricted rotation around 
the С=С (Section 8.2B). 
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1.87 Carbocation А is more stable than carbocation B because resonance distributes the positive charge 
over two carbons. Delocalizing electron density is stabilizing. B has no possibility of resonance 


delocalization. 
+ + 
БЕРЕ No resonance structures 
< 
A B 
1.88 
О HQ. H 
H , 0 н _ 
а ж НЕСЕ. пе ле А 
v = СІ 

HO] H + Он :Он 

b. J" g T Cl: 


х phenol 
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Chapter 2: Acids and Bases 


Chapter Review 


A comparison of Br@énsted—Lowry and Lewis acids and bases 


Type Definition Structural feature Examples 
Brgnsted—Lowry acid proton donor a proton НСІ, H,SO,, H,O, 
(2.1) CH,CO,H, TsOH 
Brgnsted—Lowry base proton acceptor a lone pair or a т bond “ОН, OCH, Н, NH,, 
(2.1) СН,-СН, 
Lewis acid (2.8) electron pair a proton, or an unfilled ВЕ, АІСІ,, НСІ, 
acceptor valence shell, or a partial CH,CO,H, НО 
(+) charge 
Lewis base (2.8) electron pair a lone pair or a т bond “ОН, OCH, H, NH,, 
donor СН,-СН, 


Acid-base reactions 
[1] A Brensted-Lowry acid donates a proton to a Brénsted—Lowry base (2.2). 


H 
H—O—H +  H-N-H === H—O: + H-N-H 


acid base conjugate base conjugate acid 
proton donor proton acceptor 


[2] A Lewis base donates an electron pair to a Lewis acid (2.8). 


АС. E — Jd 


Lewis acid Lewis base 
electrophile nucleophile 


e Electron-rich species react with electron-poor ones. 
ө Nucleophiles react with electrophiles. 


Important facts 
e Definition: pK, = —log K,. The lower the pK, the stronger the acid (2.3). 


NH, versus Н,О 
pK, = 38 pK, = 15.7 


lower pK, — stronger acid 


Chapter 2-2 
e The stronger the acid, the weaker the conjugate base (2.3). 
Increasing pK, Increasing pK, of the conjugate acid 
p M MM — — —— X ———————————————————s сей 
CH;—CH; CH3CO;H HCI : - Е 
СІ СНзСО> CH2=CH 
pK, = 44 pKa = 4.8 рКа=-7 
= —————————  OOm——————————— кейі 
Increasing acidity Increasing basicity 
e Inproton transfer reactions, equilibrium favors the weaker acid and the weaker base (2.4). 
H-C=C-H + GNH ===> онесесе + Мз 
“J 
рКа = 25 | pK, = 38 
, : Equilibrium favors 
stronger acid unequal equilibrium arrows weaker acid the products. 
e An acid сап be deprotonated by the conjugate base of any acid having a higher pK, (2.4). 
Acid pKa Conjugate base 
CH3CO2-H 48 CH;CO 
СНзСН2О-Н 16 СНзСН›О These bases 
HC=CH 25 нс=с“ can deprotonate 
H-H 35 H CH3CO2-H. 
higher pK; than 
CH3CO;-H 


Factors that determine acidity (2.5) 


The acidity of H—A increases both left-to-right across a row and 


[1] Element effects (2.5A) 
down a column of the periodic table. 


Increasing electronegativity 


За À 


Increasing acidity 


Н—Е н-СІ H—Br H—I 
Increasing size 


Increasing acidity 
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The acidity of H—A increases with the presence of electron- 


[2] Inductive effects (2.5B) 
withdrawing groups in A. 


СНзСН2ОН — CH3CH20 
weaker acid No additional electronegative 
atoms stabilize the conjugate base. 
Е 
ò | 9+ = 
CF3CH20OH = F-—C-—C-—O 
stronger acid | | 
%_ H 


СЕ; withdraws electron density, 
stabilizing the conjugate base. 


The acidity of H—A increases when the conjugate base А: is 


[3] Resonance effects (2.5C) 
resonance stabilized. 


CH3CH20—H CH3CH20: | 
ethanol ethoxide 
conjugate base 
only one Lewis structure 
о: о 7 
“ <, / 
СНз = С = СНС. 0 > СНз = С 
\ Со: ~ 
:OH nc о: 
| ; acetate 
acetic acid conjugate base 
more acidic 
two resonance structures 


The acidity of H—A increases as the percent s-character of 


[4] Hybridization effects 
the A: increases. 


(2.5D) 
CH3CH3 CH2-CH5 H-C=C-H 
ethane ethylene acetylene 
pKa = 50 pKa = 44 pK, = 25 


ST 


Increasing acidity 
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Practice Test on Chapter Review 


1.а. Given the pK, data, which of the following bases is strong enough to deprotonate СН.ОН 
(pK, = 10) so that the equilibrium lies to the right? 


Compound pK, 
H,O° -1.7 
АН, 9.4 
Н,О 15.7 
МН 38 


3 


1. NaOH 

2. NaNH, 

3. NH, 

4. Compounds (1) and (2) are strong enough to 
deprotonate C,H;OH. 

5. Compounds (1), (2), and (3) are all strong enough 
to deprotonate C,H,OH. 


b. Which of the following statements is true about pK, acidity, and basicity? 
1. A higher pK, means the acid is less acidic. 


2. In an acid-base reaction, the equilibrium lies on the side of the acid with the higher рК. 


3. A lower pK, value for the acid means the conjugate base is more basic. 
4. Statements (1) and (2) are both true. 
5. Statements (1), (2), and (3) are all true. 


c. Which of the following species can be Lewis acids? 


1. ВСІ, 

2. CH,OH 
3. (CH,),C’ 
4 

5 


. Both (1) and (2) can be Lewis acids. 
Species (1), (2), and (3) can all be Lewis acids. 


2. Answer the following questions about compounds A-D. 


A 


D LI Cy 


с D 


a. Which compound is the strongest acid? 

b. Which compound forms the strongest conjugate base? 

c. The conjugate base of С is strong enough to remove a proton on which compound(s), so that 
the equilibrium favors the products? 
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3. (а) Which compound is the strongest Brgnsted—Lowry acid? (b) Which compound is the weakest 


Brgnsted—Lowry acid? 
Br 


CI CI 
кут Ре AHO Pee 
B с D 


A 
4. Draw all the products formed in the following reactions. 


CI 


NHCH3 
HO NO2 


5. Draw the product(s) formed in the following Lewis acid-base reaction. 


+ 
(CH3)2CH + СНаон 


Answers to Practice Test 


1.а.4 2. а. D За С 4. а. 5. 
b.4 b. A b.B NH;CH; н os du. 
с. 5 c. B, D (XT кР | 
b. 


Answers to Problems 


2.1 Brgnsted—Lowry acids are proton donors and must contain a hydrogen atom. 
Bréónsted-Lowry bases are proton acceptors and must have an available electron pair (either a 
lone pair or a т bond). 


a. HBr: NH3 Cel 
acid acid not an acid—no H 
b. CH3CH3 (СНз)зСО: | Н-СЕС-Н 
no lone pairs lone pairs | 
огл Бопа5 onO 
not a base base Базе-л bonds 
б: 
vs и 
©; CH3CH20H CH3CH2CH2CH3 СНз С 
:OCHs 
not a base—no lone pairs 
base—lone pairs on O огл bonds base—lone pairs on O's, x bond 
acid—contains H atoms acid—contains H atoms acid—contains H atoms 
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2.2 A Brgnsted—Lowry base accepts a proton to form the conjugate acid. A Brgnsted-Lowry acid loses 
a proton to form the conjugate base. 


a. NH3 NH4* b. HBr —— ———- Br 
СІ” НСІ HSO4- 5042 
+ 
(CH3)2C=O (CH3)2C=OH CH30H CH30* 
2.3 a. True. 


CH;—CH; + Н — ——-  CH&CH; 
base conjugate acid 
b. False. CH,CH, cannot be the conjugate base of СН,СН, because they both have the same number 
of H's and a conjugate base must have one fewer H. 
c. False. CH,=CH, and CH,CH, differ by the presence of H, not Н*. 
d. True. 


Remove H* = 
CH=CH ---- CH;—CH 


acid conjugate base 
e. True. 
сњсњ + H* — >  CH3CH3 


base conjugate acid 


2.4 Тһе Brønsted-Lowry base accepts a proton to form the conjugate acid. The Brgnsted—Lowry acid 
loses a proton to form the conjugate base. Use curved arrows to show the movement of electrons 
(NOT protons). Re-draw the starting materials if necessary to clarify the electron movement. 


a. i қы Әл Ж pe он + ы Па uA 
acid base conjugate base conjugate acid 
О О 
b Ы He ~> + 5 
H V ELI z н“ -Ж 
acid base conjugate base conjugate acid 
О 
H О 
2 ET ak. ф zu d 
c. + S ELTE + 22 
М N 
H 
acid base conjugate base conjugate acid 
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2.5 To draw the products: 
[1] Find the acid and base. 
[2] Transfer a proton from the acid to the base. 
[3] Check that the charges on each side of the arrows are balanced. 


a сі А AM CI Uo a 
9 * :ОСНз ж---- О: + HO—CHs; (-)1 charge on each side 
CI CI CI CI 
acid base 
а ©! E s а Cl И 
b == H + H = + H2 (-)1 charge on each side 
CI CI 
acid base 
c NH2 + Н-СІ mI E МНа + :Ck net neutral оп each side 
base acid 


. bos = 
а „ч. 9Н * Н-Т О$ОзН — n 02 + OSOH net neutral on each side 


base acid 


2.6 Draw the products in each reaction as in Answer 2.4. 


* H 
OH на он; | HCI A = 
Р did NEL LL b d + CF c. SN, ——- Se амы + CI 
H 


6 НСІ Б _ НСІ + 1 
ыз, и + а а. NH -- NH, + CI 


2.7 The smaller the pK, the stronger the acid. The larger the K, the stronger the acid. 


OH CH3 
a. CH3CH2CH3 or CH3CH20H b. CY or СУ 
pK, = 50 рКа = 16 


smaller рКа 


Ка = 10719 Ка = 107^ 
stronger acid 


larger Ка 
stronger acid 


2.8 To convert from K, to pK, take (—) the log of the К; pK, = -log К. 
To convert pK, to K, take the antilog of (—) the рК. 


а. K,- 1070 Ka = 107! Ka =5.2 x 1075 b. pKa=7 рК.=М рК,-32 


| | | 


pK, = 10 pKa = 21 pK, = 4.3 К.=10-7 K,=10"" К,-6.3х107 


2.9 Because strong acids form weak conjugate bases, the basicity of conjugate bases increases with 
increasing pK, of their acids. Find the pK, of each acid from Table 2.1 and then rank the acids in 
order of increasing pK,. This will also be the order of increasing basicity of their conjugate bases. 
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а. Increasing acidity E Increasing acidity 
—— . 
H20 МНҙ CH4 HC=CH CH=CH? СНА 
рка= 15.7 38 50 рК. = 25 44 50 
conjugate bases: ТОН "NH; “CH3 conjugate bases: -С=СН “СН-СНҙ ~CH3 
— а —— селі 


Increasing basicity Increasing basicity 


2.10 Use the definitions in Answer 2.9 to compare the acids. The smaller the pK, the larger the К, 
and the stronger the acid. When a stronger acid dissolves in water, the equilibrium lies further to 


the right. 
HCO2H (CH3)3CCO2H 
formic acid pivalic acid 
pKa = 3.8 pKa = 5.0 
a. smaller pK; = larger Ка с. weaker acid = stronger conjugate base 


b. smaller pK, = stronger acid 
d. stronger acid = equilibrium further to the right 


211  Toestimate the pK, of the indicated bond, find a similar bond in the pK, table (H bonded to the 
same atom with the same hybridization). 


\ H \ H 
N o B ko H 
a. r 
4 b. G o^ d. а. 
H N Н -— рКа ~ 44 
For NHs, pK; is 38. For CH3CH20H, For СНҘСООН, pK; is 4.8. t <= pKa- 38 


estimated pK, = 38 pK; is 16. estimated pK, = 5 
estimated pK; - 16 


рК.-50 —> H 


2.12 Label the acid and the base and then transfer a proton from the acid to the base. To determine if 
the reaction will proceed as written, compare the pK, of the acid on the left with the conjugate 
acid on the right. The equilibrium always favors the formation of the weaker acid and the 
weaker base. 


a. CH; = CH + Н: E CH? —CH 3 H2 Equilibrium favors 
acid base conjugate base conjugate acid the starting materials. 
pK, = 44 рКа = 35 
weaker acid 
b. сы + сон Е: “ең; + H3Ó: 
2 Equilibrium favors 
acid base conjugate base conjugate acid the starting materials. 
pK, = 50 pK, =15.7 
weaker acid 
c. CH3CO5H * CH3CH20: <— СНзСО> + CH3CH20H Equilibrium favors 
у Е 5 | "ue the products. 
acid base conjugate base conjugate acid 
pKa = 4.8 pK, = 16 
weaker acid 
d. To * снҙсн;Он —_ НСІ: * CH3CH30? Equilibrium favors 
[s Е the starting materials. 
base acid conjugate acid conjugate base 
рКа = 16 рКа--7 


weaker acid 
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2.13 An acid can be deprotonated by the conjugate base of any acid with a higher pK, 


CH3CN Base Conjugate acid pK, 
pK, = 25 35 = 
Any base having a conjugate 334 к _ Only NaH апа мамн; are 
qus ; Ма2СОҙ HCO3 10.2 strong enough to deprotonate 
acid with a pK, higher than Hon 
25 can deprotonate this acid NaOH HO un ӘСЕЛ; 
NaNH; NH3 88 = 


МаНСОз Н2СОз 6.4 


2.14 The acidity of H-Z increases left-to-right across a row апа down а column of the periodic 


table. 
a. NOUN or H20 b. > or Н25 
only С-Н bonds О-Н bonds | S-H bond 


only C-H bonds 


Because acidity increases across a 
row and down a column, H5S is 
the stronger acid. 


O is farther to the right in 
the periodic table, so H20 is 
the stronger acid. 


2.15 
H SES uy 
| Because acidity increases across а 
N 54 row апа down а column, the order of 
Жа ab d H acidity is М-Н < О-Н < S-H. 
[9] 


2.16 Look at the element bonded to the acidic H and decide its acidity based on the periodic trends. 
Farther to the right and down the periodic table is more acidic. 


most acidic most acidic о most acidic 
| S | 
а. о © "NAT NB oe 


Molecule contains С-Н 
and O-H bonds. 
O is farther right; therefore, 
О-Н hydrogen is the most acidic. 


most acidic 


5. HO. м, NH2 
Molecule contains С-Н, 


М-Н, апа О-Н bonds. 
O is farthest right; therefore, 


О-Н hydrogen is the most acidic. 


2.17 The acidity of HA increases left-to-right across the periodic table. 


Molecule contains С-Н and М-Н bonds. 
N is farther right; therefore, 
N—H hydrogen is the most acidic. 


most acidic 


EN NH2 
а | 
2 
М 
Molecule contains C-H апа М-Н bonds. 


М 15 farther right; therefore, 
М-Н hydrogen is the most acidic. 


C-H, N-H, and О-Н bonds. The О-Н bond is most acidic. 


— H-O H H 


| 
~ 


pseudoephedrine 
Skeletal structure 


Molecule contains C-H 
and O-H bonds. 
O is farther right; therefore, 
O-H hydrogen is the most acidic. 


p most acidic 


à | 


OH 


CI 


Molecule contains C-H 
and О-Н bonds. 
O is farther right; therefore, 
О-Н hydrogen is the most acidic. 


Pseudoephedrine contains 
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2.18 | Compare the most acidic protons in each molecule to rank the compounds. 


a. use b. i NH2 ы 
p^ ЕКЕ БІ 


OH bond NH bond only CH bonds only CH bonds NH bonds SH bond 


F NH SH 
LS d Ы 
< < 
NH2 27 СҮ Cy 


2.19 More electronegative atoms stabilize the conjugate base, making the acid stronger. 
Compare the electron-withdrawing groups on the acids below to decide which is a stronger acid 
(more electronegative groups = more acidic). 


О О 
О О 
OH OH с. БЕЛЕ 
а. СІ or F OH or OH 
NO2 


more acidic 
F is more electronegative than СІ, making the more acidic 
О-Н bond in the acid on the right more acidic. NO; is electron withdrawing, making the 


О-Н bond in the acid on the 
right more acidic. 


CI 
CI OH 
b. Å on or D 
CI 
CI 
СІ is closer CI is farther from the 
to the acidic О-Н bond. О-Н bond. 
more acidic 


2.20 More electronegative groups stabilize the conjugate base, making the acid stronger. 


| 


HOCH4CO;H CH3CO;H 


an a-hydroxy acid acetic acid 
The extra OH group contains an electronegative O, 
which stabilizes the conjugate base. 
stronger acid 


2.21 HBr isa stronger acid than НСІ because Br is farther down a column of the periodic table, and 
the larger Br anion is more stable than the smaller CI anion. In these acids the H is bonded 
directly to the halogen. ш HOCI and HOBr, the Н is bonded to О, and the halogens Cl and Br 
exert an inductive effect. In this case, the more electronegative СІ stabilizes ОСІ more than the 
less electronegative Br stabilizes OBr. Thus, HOCI forms the more stable conjugate base, 
making it the stronger acid. 
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2.22 The acidity of an acid increases when the conjugate base is resonance stabilized. Compare the 
conjugate bases of acetone and propane to explain why acetone is more acidic. 


O: O: 209: 
T base S | 2 resonance structures 
рсе аа „СУ 75-ы Су more stable conjugate base 
СНз СНз СНз CH2 CH3 CH2 Acetone is more acidic. 
acetone One resonance structure places the (-) charge on the more 
pKa = 19.2 electronegative O atom. This is especially good. 
base у, 
CH3CH2CH3 SSS CH3CH2CH2 only one Lewis structure 
less stable conjugate base 
propane 
pKa = 50 (Any С-Н bond in the starting 


material can be removed.) 


2.23 The acidity of HX bonds increases across a row of the periodic table, so С-Н < М-Н < O-H. 
Acidity also increases with resonance stabilization of a conjugate base. 


OH, 
н.о dc dis d 


О Hp 9) loss of He 
loss of Ha | 


least acidic С-Н bond 


OH i о О 
с а аб ү highest pK, HOP du ве a ай а 


О о о о О О 
negative charge оп О negative charge оп О 
not resonance stabilized resonance stabilized 
In order of increasing pK; (that is, decreasing acidity): г. 


He < Ha < Hp 


2.24 Increasing percent s-character makes an acid more acidic. Compare the percent s-character 
of the carbon atoms in each of the С-Н bonds in question. A stronger acid has a weaker 
conjugate base. 


H 
H a 
a. )— ——— H or / H У d CN СА 
Н on sp hybridized C H on sp? hybridized C H on sp? hybridized C H on sp? hybridized C 
5056 s-character 25% s-character 33% s-character 2596 s-character 
base more acidic base more acidic 
H d base 
С ђ + ) = =H 
= or H ши те 
ог 
stronger 
conjugate base stronger 


conjugate base 
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2.25 То сотраге the acids, first look for element effects. Then identify electron-withdrawing 
groups, resonance, or hybridization differences. 


a. LARA xN NM 


| | 


C is farthest left in intermediate 


A is resonance stabilized so 


the periodic table. acidity 
CH bond is 
least acidic. 
О 

о “он T 
OH group intermediate 
least acidic acidity 

2.26 
:0: 
О: А is the weaker base. 
A 


| 
qe E uod EC sS юн,» 


| 


C is farthest left in 


ДЖУ oH с. 


О is farthest right in intermediate 


iodi the periodic table. acidity 
а Е СН bond is 
most acidic. least acidic. 
[9] 


олан 
| 


Br is electron withdrawing 
and the conjugate base 
is resonance stabilized. 

most acidic 


The negative charge is 
H localized on O in B, so B is 
the stronger base. 


xN MoH 


O is farthest right in 
the periodic table. 
OH bond is 
most acidic. 


2.27 Look at the element bonded to the acidic Н апа decide its acidity based on the periodic trends. 
Farther to the right and down the periodic table is more acidic. 


most acidic 


| 


C] OH 
D 
о 


ТНС 
tetrahydrocannabinol 
The molecule contains C-H 


and О-Н bonds. 
O is farther right; therefore, 


O-H hydrogen is the most acidic. 


О 4... 
most acidic 


b. O D. COOH 


ketoprofen 


The molecule contains C-H 
and О-Н bonds. 
O is farther right; therefore, 
O-H hydrogen is the most acidic. 


2.28 Draw the products of proton transfer from the acid to the base. 


а. (СЫЗ СНО-Н + Ман: 
acid base 


b. (CHgaCHO-H + H-OSO3H 


base acid 


x 


С: (Снз)›СНО=Н t Li* -N[CH(CH3)2]2 


acid base 


(CHgaCHO: Na + н, 


conjugate base conjugate acid 
+ 
— (СНз) СНОН; + 8504" 


conjugate acid conjugate base 


= 
<= 


HN[CH(CH3)2]2 
conjugate acid 


(CHgaCHQ: Lit + 
conjugate base 
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ЖОСА № + 
d. (CH3a4CHO-H + H-OCOCH; = (CH3)2CHOH2 + | "OCOCHs 


conjugate acid conjugate base 


base acid 


2.29  Tocross a cell membrane, amphetamine must be in its neutral (not ionic) form. 
absorption here 


in the neutral form 


УМН? + МНз 
а а 22 2222 
protonation deprotonation 
in the intestines 


МН» 
Бу НСІ іп 
amphetamine the stomach 


2.30 Lewis bases are electron pair donors: they contain a lone pair or a т bond. 


d d. Н-СЕС-Н 


a. NH3 b. CH3CH>CH3 c. H 
yes—has no—no lone pair yes—has yes—has 
lone pair огл bond lone pair 2 n bonds 


Lewis acids are electron pair acceptors. Most Lewis acids contain a proton or an unfilled 


2.31 
valence shell of electrons. 
a. ВВгз b. CH3CH20H с. (СНз)зС* d. Br 
yes yes yes no 
unfilled valence shell contains a proton unfilled valence shell no proton 
on B onC no unfilled valence shell 


2.32 Label the Lewis acid and Lewis base and then draw the curved arrows. 


new bond 
F Е| CH ы 
| АМИК. . | | +/ 2 2 :OH 
a В * О ——- Е-В-О: b. a У OH E 
PEN Лх | x че 
Е Е СНз СНз F CH3 
Lewis acid Lewis base Lewis acid Lewis base 
unfilled valence shell lone pairs unfilled valence lone pairs 
on B оп О shell on C on О 


A Lewis acid is also called an electrophile. When a Lewis base reacts with an electrophile other 


2.33 
than a proton, it is called a nucleophile. Label the electrophile and nucleophile in the starting 
materials and then draw the products. 
а 
Dr = CI—AI- CI 
roD." Br—B-—Br e kie 
аа 204 + BB — bt b. | + AlCl = n 
И ИТ 
; | Е Lewis acid 
Lewis base Lewis acid А 
nucleophile electrophile _electrophile 
lone pairs unfilled valence shell unfilled ees вле! 
on O onB Lewis base TH 
nucleophile 
lone pairs 
onO 
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2.34 Draw the product of each reaction by using an electron pair of the Lewis base to form a new 
bond to the Lewis acid. 


СНз 


= 
ЗОНЕ СНз В СНз 


4 
а. CHSCH?—N-CH;CHs + Весна — —- снасн; — N- CH;CHs 


| 
CH3CH3 CH3CH3 
Lewis base Lewis acid 
nucleophile electrophile 
lone pair unfilled valence shell 
on М onB 
СНз 


І 
aM снз—С—СНз 


.. | 
b. CHaCH2—N-CH2CHa + *C(CH3)s CH3CH; — N— CH2CH3 


| 
CH2CH3 CH>CH3 
Lewis base Lewis acid 
nucleophile electrophile 
lone pair unfilled valence shell 
onN onc 
Cl 


КЕ 
fem c TS cI-AI-G 
C. Мик За SPESE + АСВ к CH3CH2 — N= CH2CH3 


CH2CH3 CH2CH3 
Lewis base Lewis acid 
nucleophile electrophile 
lone pair unfilled valence shell 
onN on Al 


2.35 А curved arrow begins at the Lewis base and points toward the Lewis acid. 


:0: H :OH 
"€ T у 6? 0. р Т 9 p 
H есе H H H 
Lewis base Lewis acid 
contains a lone pair contains a proton 


2.36 а, Б. Because acidity increases from left-to-right across a row of the periodic table and 
propranolol has С-Н, М-Н, and О-Н bonds, the О-Н bond is most acidic. NaH is a base 


that removes the most acidic OH proton. 
Ж e ~ Дь OA N с ма 
он E 


most acidic — — —* "qua н 
=, 
propranolol Na H: 

Skeletal structure 


c, d. Of the atoms with lone pairs (N and O), N is to the left in the periodic table, making it the 
most basic site. HCl is an acid, which protonates the most basic site. 


pp E Ibi qu 


HO н HO н 
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Using periodic trends, the М-Н bond of amphetamine is most acidic. NaH is a base that 
removes an as proton on N, forming H, in the process. 


or N-H 
+ н> 


Ж acidic 


2.37 ab. 


amphetamine 
Skeletal structure 


c. НСІ protonates the lone pair on М (the most basic site). 


x UNS | 


NH H— CI NH 2 
È 2 ------ E 5 * СІ 
H H 


2.38 То draw the conjugate acid of a Brénsted-Lowry base, add a proton to the base. 


А H 
- ТИ | 
а. НСОз Н>СОз С: pror 2949 
H H H 
b l н“ “7 o н“ О 
А МА a et за па и Nee а. ye — > Ma 


2.39 To draw the conjugate base of а Brgnsted—Lowry acid, remove a proton from the acid 


о 2 О 
ж H` pu Е H xs rd. 
e OH о” 


а. НСОз соз2” 
Hu 
" Е 
Б. bu d -Н Bd d d (> I (= 
NH3 NH2 
2.40 
HO: :OH HO: : OH 
+ 
a -Он; Б 
ö 4717 (50: 
а = 
[1] [2] 
А в 
+ H20 
b. step [1], base A, conjugate acid B 
c. step [3], acid C, conjugate base D 
2.41 То draw the products of an acid-base reaction, transfer a proton from the acid (H,SO, in this 


case) to the base. 


H 
м и = 
a. OH + H=OSO3H 10: + HSO, 
.. M 38 
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427% * = 
Б. NH2 + d ius = МНз + HSO4 


CH3 


mY и т 
© OCH3 + Н-О5ОЗН == О: + HSO4 
.. M N 

H 
EC c WEE „Н 
а. М—СНа + Н—О5ОЗН -ж- * М. + HSO4* 
NN) CH3 


2.42 Label the Brgnsted—Lowry acid and Brgnsted—Lowry base in the starting materials and transfer 
a proton from the acid to the base for the products. 


О: y^ SR О: 
Een oS z ОР 5 
а. к + CH30: б + снҙон 


acid base conjugate base conjugate acid 


.. + 
:OH :OH2 
b. cre d = H> Br: = Pe Too Br 


base acid conjugate acid conjugate base 


== H m ==: ма” ss 
с. + Ма" УМН? ЖТ” = + NH3 
base 


conjugate 
acid conjugate base acid 
d. о: + H-OSOH = он + Н504 
0, © Е 
base acid conjugate conjugate 
acid base 
2.43 Draw the products of proton transfer from acid to base. 


base 
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2.44 NH removes the most acidic H. 


| 
М [9] 
Же Ж О 
N 
a. / | b. О e E 
s NS Д. B 
он | "m 
| most acidic H H most acidic H 


| NaH | most acidic H NaH 
О 
N 


Lad ш. | i 


2.45 To convert pK, to K,, take the antilog of (~) the рК. 


NaH | 


a. ЊЕ b. СІСН-СООН с. HCN 
pK, = 7.0 pK, -2.8 pK, =91 
Ка = 1077 Ka 21.6 x 1073 Ka =7.9 x 1079 


2.46 To convert from K, to pK,, take (-) the log of the К; pK, = -log К. 


+ + 
а. "S b. C 2o c. СЕЗСООН 


Ka = 4.7 x 10710 Ka = 2.3 x 1075 Ka = 5.9 х107' 
pK, = 9.3 pKa = 4.6 pK, = 0.23 


2.47 An acid can be deprotonated by the conjugate base of any acid with a higher pK, 


Base Conjugate acid pK, 
CH3CH2CH2C=CH H20 H30* -17 
рКа = 25 NaOH H20 15.7 
Any base having a conjugate МаМН> МНз 38 4——À | 
acid with a pK, higher than NH3 Мни? 94 Only NaNHg, NaH, апа СНзЫ 
25 can deprotonate this acid. NaH H2 35--- оо aad 
CHsLi CH4 50-—— | 


2.48 An acid can be deprotonated by the conjugate base of any acid with a higher pK;. 


Саон Вазе Conjugate acid pK, Deprotonate? 
pK, = 10 H20 H3O* -17 no 
NaOH H;O 15.7 yes 
NaNH; МН; 38 yes 
CH3NH2 CH3NH3" 10.7 yes (low concentration) 
NaHCO3 Н-СОз 6.4 no 
NaSH H2S 7.0 no 
NaH H2 35 yes 
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2.49 Draw the products and then compare the pK, of the acid on the left and the conjugate acid on the 
right. The equilibrium lies toward the side having the acid with a higher pK, (weaker acid). 


2 + _ 
a. CH3NH2 + СА жет? CH3NH3 + HSO4 products favored 
pK,--9 pK, = 10.7 
Жол 5: 
b. Сер Ее -H + Nat с == goles + НСІ: starting material favored 
Oo РА о: Ма «s 
рКа --7 
рка ~ 5 

0- HO 7Та Oi Nat 

.. к) Я 
с + Ма" НСО; — + H2CO3 starting material favored 

pKa = 6.4 
pK, = 10 


d. H-C=C-H + CH;HzLi => Н-С=С: Lit + CH3CH3 products favored 
pK, = 25 pK, = 50 


2.50 Use Appendix С to determine or estimate the pK, s of the compounds. 


:0: 
~ + .. 
pK, = 4.2 pK, = 10.7 рКа~ 40 
:0: (estimated) :0: 
рКа «40 рКа = 4.2 
weaker acid 
reactants favored 
200: :0: 
Oe о" Or OF 
pk, = 4.2 рКа ~ 40 
weaker acid 
products favored 
20: 20: 
У NH3 + Ея МН; 4 OH 
pKa = 10.7 pK, = 4.2 
weaker acid 
reactants favored 
:0: 20: 
ed * ..— 
а. Мн, Р OH NH3 + Q: 
pKa = 10.7 


pKa = 4.2 weaker acid 
products favored 
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2.51 Compare element effects first and then resonance, hybridization, and electron-withdrawing 
groups to determine the relative strengths of the acids. 


CI 
a ue ds Снн, он co -7- он AoH 
acidity increases across a row 
weakest acid strongest acid only С-Н bonds О-Н bond О-Н bond апа 
weakest acid electron-withdrawing CI 
CI OH SH strongest acid 
b. phe ile, oe d. МИ РРА = 
3 
all sp СЕН sp? C-H sp C-H ` 
only С-Н bonds O-H bond 5-Н bond weakest acid strongest acid 


weakest acid strongest acid 


2.52 Take into account the factors that determine acidity. 

е Н, is more acidic than H, because H, is bonded to an sp’ hybridized C atom whereas H, is 
bonded to an sp’ hybridized C atom. Н, and H, are the least acidic protons with the 
highest pK,’s. 

e Н is more acidic than H, because Н, is bonded to an О atom and OH bonds are more 
acidic than NH bonds. Loss of both H, and H, forms resonance-stabilized conjugate 
bases. 

e Н, is bonded to a С, but removal of H, forms а resonance-stabilized anion. Н, is 
intermediate in acidity. 


In order of increasing pKa (decreasing acidity) 


He < Ha < Hp < He < Ha У 20: н, о 
most acidic least acidic И ш. 
lowest рК, highest pK, OH, 
О 
-NS 
H Ha 
2.53 
Br 
F 
OH О Ша 
NH 
A B с D 
OH bond and only CH bonds NH bond OH bond 


electronegative Br 
In order of increasing acidity: 


B«C«D«A 


The weakest acid (B) forms the strongest conjugate base. 
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2.54 Тһе strongest acid has the weakest conjugate base. 


a. Draw the conjugate acid. 
Increasing acidity of conjugate acids: 
CH3CH3 < CH3NH2z < СНзОН 


increasing basicity: СНзО <CH3NH <CH3CH> [I < s < (> 
b. Draw the conjugate acid. 
Increasing acidity of conjugate acids: increasing basicity: 
CH4 < НО < HBr 


== ы. 
increasing basicity: Br < HO < CH3 (уста р LJ i E 


c. Draw the conjugate acid. 


d. Draw the conjugate acid. 
Increasing acidity of conjugate acids: 


Increasing acidity of conjugate acids: 


О О 
< < Gio d 
TP ы, s 


increasing basicity: 
О О 
о о 756 


2.55 More electronegative atoms stabilize the conjugate base by an electron-withdrawing 
inductive effect, making the acid stronger. Thus, an O atom increases the acidity of an acid. 


+ / Nt 
NH2 О NH2 
pe 


pKa = 11.1 The O atom makes this cation the stronger acid. 


pKa = 8.33 
2.56 
20: 20: О 
х Ү 
The negative charge іп X is delocalized by resonance, making 
X more stable than Y. This makes Y the stronger base. 
2.57 
H О 


c H H 
p The negative charge on O 
" H —н —- H 


is good. This makes this 
H H resonance structure 
pK, = 50 pK, = 43 pK, =19.2 especially good. 


conjugate base: 


one Lewis structure two resonance structures two resonance structures 
weakest acid negative charge delocalized negative charge delocalized 
on two carbons on one O and one C 


strongest acid 
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2.58 То draw the conjugate acid, look for the most basic site and protonate it. To draw the conjugate 
base, look for the most acidic site and remove a proton. 


+ .. .. .. .. өсе 
Фа. M жы im JË 


conjugate acid most basic site most acidic proton conjugate base 
2.59 
О О 
Е У 
О Look at the stability of the conjugate bases formed by 

| Гун loss of either the OH or NH protons. Loss of OH places 

F F N^ m B a negative charge on O with no additional stabilization. 
F HO UP 
х 


Loss of NH gives a highly resonance-stabliized anion, 
so the NH proton is more acidic than the OH proton. 


2.60 Estimate the pK, of B as 16. A difference of 10° in acidity is a difference of 5 pK, units. 


О О О 
а. b. с. 
| 
most acidic H most acidic OH 
рКа“5 рКа» 25 most acidic 
рКа ~ 16 
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2.61 Remove the most acidic proton to form the conjugate base. Protonate the most basic electron 


pair to form the conjugate acid. 


only O-H bond most basic electron pair — ——- 


a most acidic proton 
` b. 
Increasing basicity: 


| ка | сосапе 
ibuprofen 


conjugate acid: Bs 


dimethyl ether 


conjugate base: 


2.62 Compare the isomers. 


ethanol 


О 
CH3 ^ “снз СНҘСН;ОН 


БҮ | | 


All H's are оп C. One О-Н bond 
О-Н bonds are more acidic 
than С-Н bonds. 
more acidic 


2.60 Compare the Lewis structures of the conjugate bases when each H is removed. The more stable 
base makes the proton more acidic. 


SS 


€ : В 


ДҮ „N ‚М 
йы e MT у 
oo a Ор 
он H он H Он H 


тоге асідіс ргоїоп 


H The negative charge on N is 
| | stabilized by resonance. This 


-М „М conjugate base is more stable, so it 
HS н” is formed by removal of the more 
:0: X T :0: z =: A acidic H. 
5 06 Ns 5 eae N 
:OH :OH 


H 
less acidic proton c {8 no resonance stabilization 
р formed from the weaker acid 
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2.64 Look at the element bonded to the acidic Н and decide its acidity based on the periodic trends. 
Farther to the right across a row and down a column of the periodic table is more acidic. 


F most acidic 


Qu OH-— — 
| ee N 
a. no di b. Ж e REO! О М Y 
COH 
| А X3 9 || сњо 
most acidic О 2 


most acidic 
The molecule contains С-Н апа О-Н The molecule contains С-Н and М-Н The molecule contains C-H, М-Н, and О-Н 
bonds. O is farther right in the periodic bonds. N is farther right in the periodic bonds. O is farthest right in the periodic table; 
table; therefore, the О-Н hydrogen is the table; therefore, the N-H hydrogen is the therefore, the O-H hydrogen is the most acidic. 
most acidic. most acidic. 


2.65 Use element effects, inductive effects, and resonance to determine which protons are the most 
acidic. The H's of the CH, group are least acidic, because they are bonded to an өр” hybridized С 
and the conjugate base formed by their removal is not resonance stabilized. 


О 
lacti id c>b>a 
аепотас! OH Both О-Н protons [(b) and (c)] are more acidic than the С-Н proton (a) by the 
element effect. The most acidic proton has added resonance stabilization when 
H PE it is removed, making its conjugate base the most stable. 
| c 
b 
:0: о: 
| a resonance stabilization 
conjugate base pd о: ----- О: negative charge оп О іп both resonance structures 
by loss of (c): U S This makes (c) most acidic. 
H :OH H :OH 
10: 
conjugate base Pr no resonance stabilization, but 
by loss of (b): = +p negative charge on O, an electronegative atom 
H :O: 
:0: :0: 
A te b неј 4% 4% This conjugate base has two resonance 
conjugate pase OH 2 “он structures, but one places а negative 
by loss of (a: E Е сһагде оп С. 
ОН ОН 


2.66 


Н 
| 
EI This lone pair is localized on N, so it is more basic. 
.. NC oer 
О Ыы лег 


bupivacaine 


This lone pair is delocalized by resonance, so it is less 
available to donate to an acid, making it less basic. 


WU o 
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2.67 Lewis bases are electron pair donors: they contain а lone pair or a x bond. Brønsted-Lowry 
bases are proton acceptors: to accept a proton they need a lone pair or a n bond. This means 
Lewis bases are also Brénsted—Lowry bases. 


: O: -—— lone pairs on О 
both 
a. „С С: а. 
H^ Сн O Б 


b. | СНзСН2 —Cl: =—— lone pairs оп С! neither - no lone pairs x bonds 
E both or x bonds both 


2.68 A Lewis acid is an electron pair acceptor and usually contains a proton or an unfilled valence 
shell of electrons. A Breénsted-Lowry acid is a proton donor and must contain a hydrogen 
atom. АП Brgnsted—Lowry acids are Lewis acids, though the reverse may not be true. 


а. H30* b. | ClC* c. ВСВ а. BF} 
both Lewis acid Lewis acid neither 
contains a H unfilled valence unfilled valence no H or unfilled 
shell on C shell on B valence shell 


2.69 Label the Lewis acid and Lewis Базе and then draw the products. 


a, ie an :б::0н 
а. :Cl: + ВС; — ЧАКО b. Д ы %:ОН С new bond 
e О " 
Lewis base Lewis acid с! oS Lewisbase = 
new bond 


Lewis acid 


2.70 А Lewis acid is also called an electrophile. When a Lewis base reacts with an electrophile other 
than a proton, it is called a nucleophile. Label the electrophile and nucleophile in the starting 
materials and then draw the products. 


АСВ 
{т кты... | ане + 


"d HEN UH 
а, So ЖР + АСЗ NSS с. m ы H20 222 
nucleophile — electrophile 
nucleophile 
и c electrophile 
.. d- n 
b. =O + fe = >--О-ВҒҙ 


nucleophile electrophile 


2.71 Draw the product of each reaction. 


a. m + CH4OH 5, СНз с. "X + (CH)NH  ———- ‚„©Нз 
9 à М 
| ДУ 
H H сн; 
b. МАЛИ + (СНз Ак 
| 
сн; 


2.72 


2.73 


2.74 


2.75 
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:0: ©: :OH Ter 
„Н Ж. A 


A B с D 


a. A conjugate acid—base pair differ in the presence of a proton. A and B (or B and D) 


represent a conjugate acid-base pair. 


b. А and D are resonance structures because the atom placement is the same, but the electron 


pairs are placed differently. 


c. AandC (or Сапа D) are constitutional isomers because they have the same molecular 


formula (C;H,NO), but the bonds are different. А and D have ап М-Н bond, whereas С has 
an О-Н bond. 


nucleophile 
m ++ 
*OH OH | Br 
ы proton transfer ST .. T 
electrophile 
UNO pes у Вг 
: Br: roton transfer 
b. + Br n Br * :Br р СІ € 
н | 
H H 


nucleophile electrophile 


Draw the products of each reaction. In part (a), OH pulls off a proton and thus acts as a 
Brgnsted—Lowry base. In part (b), OH attacks a carbon and thus acts as a Lewis base. 


a. "m H20: + E ZEE. - us 


“Он 


Answer each question about esmolol. 


most acidic 
OH H Esmolol contains С-Н, М-Н, and О-Н bonds. Because 
a. RE NUT N acidity increases left-to-right across a row of the periodic 
Y table, the OH bond is most acidic. 
CH3O 
О esmolol 
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ү Ма н: 
CH30 


CH30 О Р, CH30 
О 


АП sp? C's are indicated with an arrow. 
Тһе М is the only trigonal pyramidal atom. 
The ô+ C's are indicated with a (9. 


2.76 Draw resonance structures to determine which conjugate base is more stable. 


О О О 
OH A (x А О: 
HO 27 5 HO 27 Е HO 27 E 
мы <=> С: 
loss of На 
| | он, он, OH, 
caffeic acid 
[9] 
e: 
HO 2 
--же 
он, 
О О О 
HO 27 оң, HO 27 roe HO A он, 
loss of Hp 22 
он, ~) О: У О: 
caffeic acid 
о 480254 


О 
OH, .. ^ ОН, А он, 
HO ко 4: но А но ва 
Loss of Hp forms а more highly | ~ он, 
resonance-stabilized anion, so Hy is HO S 
more acidic than Ha. 
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2.71 
N 
27 
[1] Ж no additional stabilization 
N 
| 
H 
( | 
2 E N 
[2] 22 > | 
М М 
= 2 
more basic N resonance-stabilized cation 


Path [2] is favored because a resonance-stabilized conjugate acid is formed. The N that is part of 
the С=М is therefore more basic. 


2.78 Draw the product of protonation of either О ог М and compare the conjugate acids. When 
acetamide reacts with an acid, the O atom is protonated because it results in a resonance- 
stabilized conjugate acid. 


0 
:07 H :67 H resonance stabilization of the * charge 
e | у О is more readily protonated 
protonate O Ж + because the product is 
:0: ЕЕ NH2 NH2 resonance stabilized. 


Жаз, 20: 


protonate М 
acetamide = > + no other resonance structure 
NH3 


Е то о 
pK, = 2.86 pK, = 5.70 


This group destabilizes the second 
О О negative charge. 


у^ 


9+ stabilizes the (-) charge 
of the conjugate base. 


СОО” now acts as an electron-donor group 
which destabilizes the conjugate base, 
making removal of the second proton more 


The nearby COOH group serves difficult and thus it is less acidic than СНзСООН. 


as an electron-withdrawing group to 
stabilize the negative charge. This 
makes the first proton more acidic 
than СНзСООН. 


2.80 Тһе СООН group of glycine gives up a proton to the basic NH, group to form the zwitterion. 


О О 
5 ton | f BS 
a. acts as a base —— HN -— sued aus H3N ON 
OH 
RS 


glycine acts as an acid zwitterion form 
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. О М/С . О 
b. нм UL 1 === нм. АД + CI 
о: он 
| 


most basic site 


most acidic site 


2.81  Usecurved arrows to show how the reaction occurs. 


Protonate the negative charge on this carbon to form the product. 


2.82 Compare the OH bonds in vitamin C and decide which one is the most acidic. 


OH 
HO O_o 
5-6 vitamin С 
This is the most acidic proton, ascorbic acid 
because the conjugate base is — HO OH 
most resonance stabilized. 
loss of H* 
OH OH OH 
HO O_o: HO o, Co: HO О б: 
= 5 до | 
7:0: v *OH Ю 


гон :о тон 


The most delocalized anion with 


Removal of either 
three resonance structures. 


of these H's does not 
give a resonance- 
stabilized anion. 


>on OH 
о о loss ofH* НО О 


----------- 


м NT) 
HO OH HO :0: 


only two resonance structures 


This proton is less acidic, because its conjugate 
base is less resonance stabilized. 


Introduction to Organic Molecules and Functional Groups 3-1 


Chapter 3: Introduction to Organic Molecules and Functional Groups 


Chapter Review 


Classifying carbon atoms, hydrogen atoms, alcohols, alkyl halides, amines, and amides (3.2) 


e Carbon atoms are classified by the number of carbons bonded to them; a 1? carbon is bonded to 
one other carbon, and so forth. 

e Hydrogen atoms are classified by the type of carbon atom to which they are bonded; a 
1? hydrogen is bonded to a 1? carbon, and so forth. 

ө Alkyl halides and alcohols are classified by the type of carbon to which the OH or X group is 
bonded; a 1? alcohol has an OH group bonded to a 1? carbon, and so forth. 

ө Amines and amides are classified by the number of carbons bonded to the nitrogen atom; a 
19 amine has one carbon-nitrogen bond, and so forth. 


Types of intermolecular forces (3.3) 


Type of force Cause Examples 


van der Waals (VDW) Due to the interaction of temporary dipoles АП organic compounds 


e Larger surface area, stronger forces 


с 
5 e Larger, more polarizable atoms, 
o stronger forces 
Ф . 5 ы А : 
o dipole-dipole (DD) Due to the interaction of permanent dipoles (CH,),C=O, H,O 
S hydrogen bonding Due to the electrostatic interaction of a H НО 
б (HB or H-bonding) atom іп an О-Н, N-H, or Н-Е bond with 
i another N, O, or F atom. 
lon-ion Due to the interaction of two 1ons NaCl, LiF 
Physical properties 
Property | Observation 
Boiling e For compounds of comparable molecular weight, the stronger the forces the higher 
point the bp. 
(3.4A) 20: . 
жәСс- жад H ИТ Ok 
VDW VDW, DD VDW, DD, HB 
MW = 72 MW = 72 MW = 74 
bp - 36 °С bp - 76 °C bp = 118 °C 
Increasing strength of intermolecular forces 
Increasing boiling point 
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e For compounds with similar functional groups, the larger the surface area, the higher 
the bp. 
ANZ “шч 
bp-0?C bp = 36 °С 
О > 
Increasing surface area 
Increasing boiling point 
e For compounds with similar functional groups, the more polarizable the atoms, the 
higher the bp. 
CH3F сна 
bp = -78 °C бр = 42 °С 
х 8 
Increasing polarizability 
Increasing boiling point 
Melting e For compounds of comparable molecular weight, the stronger the forces the higher 
point the mp. 
(3.4B) Е " 
Papa А, 7 Кы Ты? он 
VDW VDW, DD VDW, DD, HB 
MW = 72 MW = 72 MW = 74 
mp = —130 °С mp --969С mp = —90 ?C 
Increasing strength of intermolecular forces 
Increasing melting point 
e 


For compounds with similar functional groups, the more symmetrical the compound, 
the higher the mp. 


v. > 


mp = —160 °С mp = —17 °С 


Increasing symmetry 
Increasing melting point 
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Solubility | Types of water-soluble compounds: 
(3.4C) е [отс compounds 
e Organic compounds having < 5 C's and an О or М atom for hydrogen bonding (for 
a compound with one functional group) 


Types of compounds soluble in organic solvents: 
e Organic compounds regardless of size or functional group 


• Examples: 
CCl, CCl4 


:0: 
мч де. === 
butane НО НО 


Key: VDW - van der Waals, DD - dipole-dipole, HB - hydrogen bonding 
MW = molecular weight 


Reactivity (3.8) 


e Nucleophiles react with electrophiles. 
e Electronegative heteroatoms create electrophilic carbon atoms that react with nucleophiles. 
e Lone pairs and т bonds are nucleophilic sites that react with electrophiles. 


4 йы CH3 
њен; — CI 5 | 
or m RU СНз — 0 - СНз CH3— N- СНз 
қ УД ‚ | 


electrophilic site 


basic and nucleophilic site 


Practice Test on Chapter Review 


l.a. Which of the following compounds exhibits dipole-dipole interactions? 
1 — CH2Cl2 4. Compounds (1) and (2) both exhibit dipole-dipole interactions. 
2.  (CH352O 


8. CH3CH2CH2 — OH undo 24 : . А 
5. Compounds (1), (2), and (3) all exhibit dipole-dipole interactions. 


b. Which of the following compounds can hydrogen bond both to another molecule like itself and to 


water? 
о ОСН: 

1. Қ = 4. Compounds (1) and (2) can each hydrogen bond to another 
2 molecule like itself and water. 

2 < NH 


"eem 5. Each of the three compounds, (1), (2), and (3), can hydrogen 
Я зо = 


bond to another molecule like itself and to water. 
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c. Which of the following compounds has the highest boiling point? 


1. CH,CH,CH,OCH,CH, 
2. CH(CH,),CH, 
3. CH,(CH,),NH, 


4. (CH,),CHCH(CH,)NH, 


d. Which statement(s) is (are) true about the following compounds? 


ЖЗ ТА ТЫРС ты а 
А С 


в y 


l. 


РА 


3. 


4. 
5. 


The boiling point of A is higher than the 
boiling point of B. 

The melting point of B is higher than the 
melting point of C. 

The boiling point of A is higher than the 
boiling point of D. 

Statements (1) and (2) are both true. 
Statements (1), (2), and (3) are all true. 


2. Consider the anti-hypertensive agent atenolol drawn below. 


воров 


| 
HN 
с + На " 
ЖЕКЕН 
г в о H 
D `H 


Answers to Practice Test 


l.a.5 
b. 2 
c. 3 
d. 5 


2. а. зр” 
b. trigonal planar 
c.C Си 
d.D 
e. yes 
f.H, 


с 


What is the hybridization of the N atom labeled with A? 
What 15 the shape around the C atom labeled with F? 

What orbitals are used to form the bond labeled with E? 
Which bond (B, C, or D) is the longest bond? 

Would you predict atenolol to be soluble in water? 

Which of the labeled H atoms (H,, Н, or H,) is most acidic? 
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Answers to Problems 


3.1 
dea OSO3H $ Ж H2504 
CH3CH2— OH ------  CH3CH2—OH2 + Н50, СНзСНз no reaction 
әм ман: ONES NaH | 
CH3CH; — O — H CH3CH; — О: Ма + H2 СНзСНз  — ———  noreaction 
3.2 


To classify a carbon atom as 1°, 29, 3°, ог 4°, determine how many carbon atoms it is bonded to 
(1? С = bonded to one other C, 2? С = bonded to two other C's, 3? С = bonded to three other C's, 
4? С = bonded to four other C's). Re-draw if necessary to see each carbon clearly. 


To classify a hydrogen atom as 1°, 2°, ог 3°, determine if it is bonded to a 1°, 2°, or 3° C(a 1? H 
is bonded to a 1? C; a 2? Н is bonded to a 2? C; а 3° Н is bonded to a 3? C). Re-draw if 


necessary. 
° ° T C's 
TC 1 ig TC gna p 
ERE. Је 
а. Ш [2] 3 4 incom 
| TC TC E ER Te 
=< 1 С 
2° C's 4 C's All other C's аге 2° C's. 
All other C's аге 1° C's. 3c 
-draw 
(earan ге 
| re-draw | re-draw 
1 H's 
T H's T H's | HH 
сн CH3 CH3 1 2. L—— t H's 
b. (1 CH3CH2CH2CH3 [2] CH;—C-H [3] CH,—C—— C- CH; [4] a 
H CH3 
с N | | 
. | ; 5 \зн СНз СНз H H 
Ser T H's H H bt 
o '5 о LU 
T H's all 1° H's 


All others are 2° H's. 
3.3 Use the definition of 1°, 2°, 3°, or 4° carbon atoms from Answer 3.2. 


3.4 A 1° ROH or RX has the functional group bonded to a 1° C; a 2° ROH or RX has the functional 
group bonded to a 2° C; a 3° ROH or RX has the functional group bonded to a 3° C 


к жену E 
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3.5 Use the definitions from Answer 3.4. 


dexamethasone 


3.6 Amines are classified as 1?, 2?, or 3? by the number of alkyl groups bonded to the nitrogen atom. 


3? amine EN | 
ae NH; NOON 
a. HO | b. < OH 


1° amine 5 
3? alcohol 19 alcohol 


3.8 A 1? amide has one carbon-nitrogen bond; a 2? amide has two carbon-nitrogen bonds; a 3? amide 
has three carbon-nitrogen bonds. 
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3.9 Identify the functional groups based on Tables 3.1, 3.2, and 3.3. 


alkene 


alkene 
BE (double bond) 
НО, T ether 5 О б, | | CO2CH2CH3 
carboxylic acid ~ T i 
OH | NH» 
shikimic acid amide | oseltamivir 
alcohols | 
(hydroxy groups) SUE 


3.10 One possible structure for each functional group: 


7 О 9 О 
а. aldehyde = С ж pu c. carboxylic acid = С == pew 
d R^ ^u H в“ Тон OH 


T О О О 
Ji 
b. ketone = C — Jaw d. ester = с в --- yk 
R^ NR R^ ^o^ оќ 
3.11 Identify the functional groups based on Tables 3.1, 3.2, and 3.3. 
alcohol 
alkene 5, Ө 
alkene" EN | carboxylic acid 
ANI OH 
sulfide —> amide 
Wr 
г сагрохуііс асіа 
атіае ү 
TNNT. OH 
amine H2N nm carboxylic acid 
о 
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3.12 Summary of forces: 


e All compounds exhibit van der Waals forces (VDW). 
e Polar molecules have dipole-dipole forces (DD). 
e Hydrogen bonding (H-bonding) can occur only when a H is bonded to an O, N, or F. 


~ я 
E Q коо i р 


• only nonpolar С-С * VDW forces 
and C-H bonds polar C-N bonds: DD сеси 
* VDW only * no H on М, so end a net dipole: DD 
no H-bonding -HbondedtoO: | 
H-bonding 
О 
b. { ) а 7с к === 
• only nonpolar С-Н and 
• VDW forces * VDW forces С-С bonds 
* 2 polar C-O bonds • polar С-СІ bond: DD • VDW only 
and a net dipole: DD 
*noHonO,so 
no H-bonding 


3.13 One principle governs boiling point: 
e Stronger intermolecular forces — higher bp. 
Increasing intermolecular forces: van der Waals « dipole-dipole « hydrogen bonding 
Two factors affect the strength of van der Waals forces, and thus affect bp: 
e Increasing surface area — increasing bp. 


Longer molecules have a larger surface area. Any branching decreases the surface area of a 


molecule. 
e Increasing polarizability — increasing bp. 


only VDW VDW and DD 
stronger forces 


higher boiling point larger molecule, more surface area 
higher boiling point 


шола МЕ та. 


VDW: DD ana Bonding VDPESIKUDE I is more polarizable. 
stronger intermolecular forces А 1% 7 
higher boiling point higher boiling point 


3.14 Increasing intermolecular forces: van der Waals « dipole-dipole « hydrogen bonding 


Т Т 
22 „С. -CH3 
CH3CH5 NH2 H N 
| сн; 
М-Н bonds allow for hydrogen bonding. no hydrogen bonding 
stronger intermolecular forces weaker intermolecular forces 


higher boiling point 
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3.15 
A B с 
VDW, DD, H-bonding VDW only VDW, DD 
strongest forces weakest forces 
Increasing boiling point: B < C < А 
3.16 


а. О УС На ог У ај NH2 b. Хе ог dis 


more polar 

stronger intermolecular forces more spherical 
(H-bonding) packs better 
higher mp higher mp 


3.17 Compare the intermolecular forces to explain why sodium acetate has a higher melting point than 
acetic acid. 


[| i 
M C ~ ж? е fie, 
СН; OH CH3 O^ Ма" 
acetic acid sodium acetate 
a. VDW, DD, and H-bonding a. VDW, DD, ionic bonds 
b. not ionic, lower melting point b. lonic bonds are the strongest: higher melting point. 


3.18 Hydrophobic portions will primarily be hydrocarbon chains. Hydrophilic portions will be polar. 


Circled regions are hydrophilic because they are polar. АП other regions are hydrophobic 
because they have only C and H. 
can H-bond to itself can H-bond to H20 


N 
can H-bond to H20 


norethindrone arachidonic acid 


3.19 Look for two things: 


e To H-bond to another molecule like itself, the molecule must contain a H bonded to O, N, 
or F. 


ө To H-bond with water, a molecule needs to contain only an O, N, or F. 


Only (c) can H-bond to another molecule like itself. These molecules can H-bond with water. All of these 
c. CH3CH2CONH2 molecules have an O or N atom. 
b. (CH3CH2)3N 


c. СНҘСН-СОМН; 
d. CH3CH5COOCH; 
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3.20 A compound is water soluble if it is ionic or if it has an O or N atom and < 5 C's. 


a “и Ом е Ты ат S ди “Хы E 
MÀN == он 
О 


ап О atom that ап М atom that can 
can H-bond with water 


H-bond to Њ0, but 20 C's and 1 COH 
<5C's >5 C's not water soluble 
water soluble not water soluble 
О 
—N 
e ИВА ae 
b d. H f HO 27 9 
Ho он М bd ы 
попро!аг 9 C's and only 1O 
not water soluble not water soluble NH2 


10 C's, many OH's and N's 
water soluble 


3.21 Like dissolves like. 


ө То be soluble in water, a molecule must be ionic, or have a polar functional group capable of 
H-bonding for every 5 C's. 


e Organic compounds are generally soluble in organic solvents regardless of size or functional 
group. 


nonpolar 


long hydrocarbon chain 
polar 


О “| г РА 
ac OH 
v | > z DO >< 
М = — polar | 
О 


vitamin Вз nonpolar 


vitamin Ку 
(niacin) 


(phylloquinone) 
soluble in water due to soluble in organic solvents 
two polar functional groups two polar С-О bonds but the 
and only 6 C's in the molecule compound has > 10 C's 
water insoluble 


3.22 a. 


alcohol ————— OH 


OH 
HO 


H 
N 
О bP о centes acid 


b. The amide, carboxylic acid, and both alcohols can all hydrogen bond with water. 


c. Because pantothenic acid has only nine carbons with four functional groups that can hydrogen 
bond, pantothenic acid is a water-soluble vitamin. 
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3.23 A soap contains both a long hydrocarbon chain and a carboxylic acid salt. 


О О 


short chain no salt 
carboxylic acid salt 
ionic salt 


long chain 
This is a soap because it contains both a long 
chain and a carboxylic acid salt. 


3.24 Detergents have a polar head consisting of oppositely charged ions, and a nonpolar tail consisting 
of C-C and C-H bonds, just like soaps do. Detergents clean by having the hydrophobic ends of 
molecules surround grease, whereas the hydrophilic portion of the molecule interacts with the 


polar solvent (usually water). 
a detergent 


га "T 


| polar head 
попројаг tail ionic—hydrophilic 
hydrophobic This end interacts with the water solvent 
This end interacts with the to maintain the micelle's solubility in water. 
grease to dissolve it. 


3.25 
a HO Se 
rx 
© о 
N: о N 
P MED Д N 
HO о 
morphine heroin 
VDW forces VDW forces 


dipole—dipole interactions 
hydrogen bonding due to the OH groups 


dipole—dipole interactions 
NO hydrogen bonding 


b. Heroin can cross the blood-brain barrier more readily because it is less polar than morphine, and 
therefore more soluble in the nonpolar interior of the cell membrane. 


3.26 The noble gas xenon consists of uncharged atoms that exhibit only van der Waals interactions, so it 
is very soluble in the nonpolar interior of the cell membrane. It can thus cross the blood-brain 


barrier and act as an anesthetic. 


3.27 Because the interior of a cell membrane is nonpolar, aspirin crosses a cell membrane as a neutral 
carboxylic acid, by the general rule that “like dissolves like." 
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3.28 Electronegative heteroatoms like М, О, or X make a carbon atom an electrophile. 
A lone pair on a heteroatom makes it basic and nucleophilic. 
Рі (п ) bonds create nucleophilic sites and are more easily broken than с bonds. 


nucleophilic nucleophilic v 
О: 
== nucleophilic 


а Br: b = Bx 9+ All lone pairs—nucleophilic sites. 
| | Wr i 5+ СА | All atoms labeled with ô+ are 
6: 52% 
д+ > 


electrophilic sites. 
9+ 


C bonded to Br 
electrophilic nucleophilic H H 


C's bonded to S are 
electrophilic. 


3.29 Electrophiles and nucleophiles react with each other. 


О 
Вг 0 pu m 
a. i ОН  — YES с. СІ * CH3O: —* YES 
nucleophile electrophile nucleophile 
electrophile 

b. —— |) + їп о — NO d. (У ) + Вы ——- YES 

nucleophile nucleophile nucleophile electrophile 

3.30 
amide 
a. b, c. * 
О / poem ring л О 
НМ ОСН LN * OCH 
2 N 3 НИ * N era 
/ H | 
Н О» 
атіпе СООН ester O« 
| J 
carboxylic acid Ін 
H's that are boxed in can hydrogen bond to О of H20. 
Atoms labeled with (9 can hydrogen bond to H of H20. 
3.31 

a,c. CH;—O > b. HOCH; Z 

б аікепе 

СНз— О * aromatic ring HOCH? 

О — СНз СН2ОН 


Three OH's allow for H-bonding. 
three ethers Stronger intermolecular forces mean a 
higher bp and mp. 
Electrophilic carbons are labeled with (9. 
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3.32 
а,с шы b қы < 
| ее 4 aldehyde № 
С; 
alkene H 9) он 
Тһе most electrophilic C is labeled with *. This isomer has an OH, giving more opportunities 


for H-bonding (through both O and H atoms), and 
probably making it more H,O soluble. 


3.33 Use the rules from Answer 3.2. 


4° 3° H H 
A teet o СНз СНз H H Н < CH 
5222” ‘Cod нс “сон 
а. 1 ч | | 3 
[1] [2] be [ПТ cH c CH [1 н-с. с-н 
} /N E3065 
o ЫБ Ad H СНз Н ION H 
4 1 CH3 
~ + СН 
All CH3's have 1° H's. СНз < | 
All CH;'s have 2° H's H 
T АП CH's have 3% H's. 


3.34 Identify the functional groups based on Tables 3.1, 3.2, and 3.3. 
aromatic ss N | qe sulfide 


| „—— 3% amine aromatic ring N 5 
NS О | 
а с. HO e. o N 
/ ? f N 9 | 
о . 
= 3° de HO 
ЖА) = carboxylic acid 075 | 


aromatic rings 


ester ibuprofen penicillin G carboxylic acid 


Darvon 


a | amine 
f. == 
| о 


[9] 
ы а. 
OH 4 
| alkene S 2° alcohol alkene 


| ) alkyne —  . ester 
carboxylic acid y ketone 


: histrionicotoxin 
pregabalin pyrethrin I 


3.35 A cyclic ester is called a lactone. A cyclic amide is called a lactam. 


о 
а. [м-он b. C> c. d. ed 
9 о 


атте ether ester amide 
lactone lactam 
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3.36 
alkene 
Ne 2° alcohol 


H 2" amide 


О М 
^^ 
ester —— о 
О 


СІ ~— f? alkyl halide 


salinosporamide A 


3.37 Draw the constitutional isomers and identify the functional groups. 


aul ketone sko 1. aldehyde S 
OH pu H^ g^ s H OH 
carboxylic acid | | | 
alcohol eter ағаһы 
aldehyde 20 p 
n ЫЎ 
alcohol —- ОН | 
ester 


3.38 Use the rules from Answer 3.12. 


о О 
< 
"Qr ШО 
a. b. C. 
РА 
М 


VDW VDW VDW 
dipole—dipole dipole-dipole dipole—dipole 
H-bonding (О-Н bond) no H-bonding (по О-Н bond) no H-bonding (no М-Н bond) 


3.39 To hydrogen bond to another molecule like itself, a compound needs an N-H or О-Н bond. To 


hydrogen bond to water, a compound needs an O or N atom. 


О О 
С! CHO 
«Хо 


А B с 


a. B and D can hydrogen bond to another В or D molecule, because В contains ап М-Н bond 


and D contains an О-Н bond. 
b. All compounds contain O or N atoms, so A-D can hydrogen bond to water. 


О 
aldehyde = 


[9] 


no dipole—dipole 
(nonpolar С-С, С-Н bonds) 
no H-bonding (no O, N, F) 


OH 
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3.40 
' | 
FON A 2 
== ж! SN я 


indinavir 


Indinavir can hydrogen bond to another molecule of itself at boxed-in sites. Indinavir can hydrogen 
bond to water at both the boxed-in sites and the sites labeled with an arrow. 


3.41 A = VDW forces; В = H-bonding; С = ion-ion interactions; D = H-bonding; E = H-bonding; 
Е = VDW forces. 


3.42 


a. а ана СІ рт 
О О 


aldehyde ketone ether alcohol 
b. The alcohol is the highest boiling, because it is the only isomer that can hydrogen bond with 
another molecule like itself. 


3.43 Use the principles from Answer 3.13. 


о b. СТ о Cie 
Mem b dn 


C«B«D«A F«H«G«E 


3.44 In CH,CH,NHCH,, there is ап М-Н bond, so the molecules exhibit intermolecular hydrogen 
bonding, whereas in (CH,),N the М is bonded only to С, so there is no hydrogen bonding. The 
hydrogen bonding in СН,СН,МНСН, makes it have much stronger intermolecular forces than 
(CH,),N. As intermolecular forces increase, the boiling point of a molecule of the same 
molecular weight increases. 
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3.45 Stronger forces, higher mp. 


o OH 
menthone menthol 
VDW VDW 
dipole—dipole dipole—dipole 
lower melting point H-bonding 


stronger forces 
higher melting point 


3.46 Stronger forces, higher mp. 


A B с 
VDW VDW VDW 
DD DD 
H-bonding 


Increasing melting point: C < B < A 


3.47 Boiling point is determined solely by the strength of the intermolecular forces. Because 
benzene has a smaller size, it has less surface area and weaker VDW interactions and therefore a 
lower boiling point than toluene. The increased melting point for benzene can be explained by 
symmetry: benzene is much more symmetrical than toluene. More symmetrical molecules can 
pack more tightly together, increasing their melting point. Symmetry has no effect on boiling 


point. 
benzene toluene 
bp = 80 °С апа bp = 11 °С 
mp -5'C mp =-93 °C 


very symmetrical less symmetrical 
closer packing in solid form lower mp 
higher mp 


3.48 Increasing polarity — increasing water solubility. 


OH 
HO HO CI 
[9] 
A B с D 
polar polar polar polar 
H-bonding to H20 2 OH's for H-bonding H-bonding to НО no H-bonding 
using H or O (most opportunities using O only 


for H-bonding) 


Increasing water solubility: D< C<A<B 
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3.49 Draw the molecules in question and look at the intermolecular forces involved. 


no H bonded to O 
A ST S 
diethyl ether 


VDW forces 
dipole-dipole forces 


e Both have < 5 C's and an electronegative O atom, so they can H-bond to water, making them 


soluble in water. 


e Only butan-1-ol can H-bond to another molecule like itself, and this increases its boiling point. 


ДЛТ” он H bonded to О: 
hydrogen bonding 
butan-1-ol 
VDW forces 
dipole-dipole forces 
H-bonding 


3.50 Use the solubility rules from Answer 3.21. 


о 
/ 
~ N N 
е PT | 2 
о | М 
caffeine 
many polar bonds with N and O atoms 
many opportunities for H-bonding 


water soluble 


OH 


OH 


о Н OH 


HO OH он 


sucrose 


many polar bonds with O 
11 O's and 12 C's 


many opportunities for H-bonding with Н2О 


water soluble 


OH 


b. === а. 


== Хы 


carotatoxin 
one polar functional group 
but > 10 C's 
not water soluble 


mestranol 
CH30 


two polar functional groups 
but > 10 C's 
not water soluble 


3.51 Water solubility is determined by the ability to hydrogen bond to H,O. Polar molecules that сап 


hydrogen bond are soluble in water, whereas nonpolar molecules are soluble in organic solvents. 


Arrows indicate polar functional groups | 
capable of hydrogen bonding with H20. | HO 
a HO b 
ОН = 
HO | US 
| emm с N 

vitamin E pyridoxine 
only two polar functional groups vitamin Bg 


many nonpolar C-C and С-Н bonds (29 C's) 
soluble in organic solvents 
insoluble in H20 


many polar bonds and few nonpolar bonds 
soluble in H20 
It is also soluble in organic solvents because it 
is organic, but is probably more soluble in H20. 
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3.52 Compare the functional groups in the two components of sunscreen. Dioxybenzone will most 
likely be washed off in water because it contains two hydroxy groups and is more water soluble. 


OH О OH 


о о 
Ра» БИР 
zo О 


avobenzone dioxybenzone 


two ketones two hydroxy groups 
one ether one ketone 
one ether 


more water soluble 


3.53 Because of the O atoms, PEG is capable of hydrogen bonding with water, which makes PEG 
water soluble and suitable for a product like shampoo. PVC cannot hydrogen bond to water, so 
PVC is water insoluble, even though it has many polar bonds. Because PVC is water insoluble, 
it can be used to transport and hold water. 
„н 
о 
iF no H-bonding 


H-bond —" 
Rg E NO 
Cl Cl СІ СІ 
poly(ethylene glycol) poly(vinyl chloride) 
PEG PVC 


water soluble water insoluble 


3.54  Molecules that dissolve in water are readily excreted from the body in urine, whereas less polar 
molecules that dissolve in organic solvents are soluble in fatty tissue and are retained for longer 
periods. Compare the solubility properties of THC and ethanol to determine why drug 
screenings can detect THC and not ethanol weeks after introduction to the body. 


| 


Тон 
ethanol 
tetrahydrocannabinol 
THC 
THC has relatively few polar Ethanol has 1 O atom and 
bonds compared to the number only 2 C's, making it 
of nonpolar bonds, making it soluble in water. 


soluble in organic solvents 
and therefore soluble in fatty tissue. 


Due to their solubilities, THC is retained much longer in the fatty tissue of the body, being 
slowly excreted over many weeks, whereas ethanol is excreted rapidly in urine after ingestion. 
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3.55 Compare the intermolecular forces of crack and cocaine hydrochloride. Stronger intermolecular 
forces increase both the boiling point and the water solubility. 


ionic dL ON 
cocaine Pur cocaine EE 
neutral organic molecule a salt 


The molecules are identical except for the ionic bond in cocaine hydrochloride. Ionic forces are 
extremely strong forces, and therefore the cocaine hydrochloride salt has a much higher boiling 
point and is more water soluble. Because the salt is highly water soluble, it can be injected 
directly into the bloodstream, where it dissolves. Crack is smoked because it can dissolve in the 
organic tissues of the nasal passages and lungs. 


о о 
он OH H H 
H \ / 
О М НСІ O N " 
Y DECR о nd + a 


3.56 


a. О 
жа А N N 
H H 
[9] О 
он OH H H 
О М О М 
b. О Y о $ Y 
H H 
five functional groups that have ionic salt 
many opportunities for H-bonding more water soluble 


water soluble 


c. Because the hydrochloride salt is ionic and therefore more water soluble, it is more readily 
transported in the bloodstream. 


3.57  Usethe rules from Answer 3.28. 


nucleophilic 
| nucleophilic 


0:--- 


" 5 ò+ | ô+ BN d | uu 
a. ôs I: ò- b. СЕ 5и " d. сњ gi Ck 


electrophilic 
electrophilic All the C=C's are electrophilic 


nucleophilic. ; 
P (All lone pairs on O and 


СІ are nucleophilic.) 
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3.58 


3.59 


3.60 


3.61 


3.62 


a. * Br NO " + ТОН NO 
nucleophilic Е nucleophilic 
ili nucleophilic 
nucleophilic 
У ( T eM YES d. “а + но” YES 
| СІ nucleophilic Я electrophilic 
nucleophilic 


electrophilic 
More rigid cell membranes have phospholipids with fewer C=C’s. Each C=C introduces a bend 
in the molecule, making the phospholipids pack less tightly. Phospholipids without C=C’s сап 


pack very tightly, making the membrane less fluid and more rigid. 


The double bonds introduce kinks in the chain, 
making packing of the hydrocarbon chains less 
efficient. This makes the cell membrane formed 


from them more / 


B is ionic, so it does not “dissolve” in the nonpolar interior of a cell membrane and it cannot 
cross the blood-brain barrier. А is a neutral organic molecule with polar bonds, so it can enter 
the nonpolar interior of the cell membrane and cross the blood-brain barrier. 


a. Thapsigargin can hydrogen bond to another 
molecule like itself at both OH groups 
(boxed in). 

b. Thapsigargin can hydrogen bond to Н,О 
using any O atom. 

c. Thapsigargin contains nine sp” hybridized 

thapsigargin © C's (labeled with *). 

d. Tertiary (3°) sp’ hybridized C's are labeled 
with open circles (four C's). 


3'amide 3° amide 3° amide 
a,b. зате | 0 | Е | о / о 
— 
М М 
a N N N N 
H H 
| о | 
2? amide 2* amide 


synthadotin 


3.63 


3.64 
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c. Synthadotin can hydrogen bond to itself using the two М-Н bond (boxed in). 

d. АП N and О atoms are nucleophilic sites. 

e. All carbonyl C's are electrophilic sites. Any C bonded to an electronegative N atom is also an 
electrophilic site. 

f. When synthadotin is treated with НСІ, the most basic atom, the amine М, is protonated. 


Adeo ee 


H~Cl | 
V 
| О | О О О 
№ М 
<i N N N P 
H H H 
_ О 
СІ 
2° amine 
a, b. ester о ОН 7— carboxylic acid 


— aromatic ring 


aromatic ring ——- | | 
quinapril 


OH c. Quinapril can hydrogen bond to water at all N 
and O atoms (boxed in). 
N d. Quinapril can hydrogen bond to acetone at its 
О-Н and М-Н bonds (shown with arrows). 
e. The most acidic H is the lone H bonded to O, 
which is part of a carboxylic acid. 
quinapril f. The most basic site is the N atom of the amine 
(circled). 


о 


и. aromatic ring 


ether —- О 
М = 3° amine 
OH N 
ketone —- О 


3? alcohol 
oxycodone 
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c. The lone OH proton is the most acidic site. 

d. The lone N atom is the most basic site. 

e. The N atom is surrounded by three atoms and a lone pair (four groups), so it is sp’ hybridized. 
f. Oxycodone contains seven sp’ hybridized C's labeled with gray circles. 


3.65 Because the O atom in tetrahydrofuran is in a ring, the C atoms bonded to it are kept away from 
the lone pairs on О. This allows Ше О atom to more readily hydrogen bond with water, thus 
increasing its solubility in water. 


[ој --- Electron pairs are more exposed. 
е This facilitates H-bonding. 


3.66 
amide amine 
a О Pd e. An isomer that can hydrogen bond should 
UN р N have a higher boiling point. 
N О nd hydrogen bonding possible 
AN NH 
N 
aromatic ring 
aromatic ring 
most basic atom 
b, c, f, g. О М Ж 
N The N atom of the amide is less basic because the lone 
ie pair is part of resonance with the C=O. 
Atoms that can hydrogen bond to H20 are boxed in. 
Electrophilic carbons are labeled with (*). 
most acidic Н, pK, ~ 25 
All H's are bonded to C's. Removal of the H on the C adjacent to the C=O results in a resonance-stabilized anion. 
d. Fentanyl exhibits van der Waals and dipole—dipole interactions but no 
hydrogen bonding, because there is no H bonded to O or N. 
3.67 
о. о. 
он H Sn H 
CT Е > с 7 
CHO 
H CHO 
A Е Н о 


The OH апа CHO groups аге close enough that they сап The OH and the CHO are too far 


intramolecularly H-bond to each other. Because the two 
polar functional groups are involved in intramolecular 
H-bonding, they are less available for H-bonding to Н,О. 
This makes A less H,O soluble than B, whose two 
functional groups are both available for H-bonding to the 
HO solvent. 


apart to intramolecularly H-bond 
to each other, leaving more 
opportunity to H-bond with 
solvent. 


3.68 


a. melting point О 
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in a lattice than maleic acid, giving it a higher mp. 


p OH  Fumaric acid has its two larger COOH groups on opposite 
HO ends of the molecule, and in this way it can pack better 
О 


fumaric acid 
b. solubility 
HO ô+ б+ он Maleic acid is more polar, giving it 
greater H20 solubility. The bond dipoles in 
оо fumaric acid cancel. 
maleic acid 


c. removal of the first proton (pK) 
OH 


| loss of one proton 


In maleic acid, intramolecular H-bonding 
stabilizes the conjugate base after one H is 
removed, making maleic acid more acidic 
than fumaric acid. 


d. removal of the second proton (рКа2) 


Now the dianion is held in close proximity 
in maleic acid, and this destabilizes the conjugate 
base. Thus, removing the second H in maleic 
acid is harder, making it a weaker acid than 
fumaric acid for removal of the second proton. 


О 
он 
е-е 
О 


loss of one proton 


О 

о 
HO у 
ET О 


Intramolecular H-bonding 
is not possible here. 


Е о 
od 


О 


Тһе two negative charges аге much farther 

apart. This makes the dianion from fumaric 

acid more stable and thus рКа2 is lower for 
fumaric acid than maleic acid. 
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Chapter 4: Alkanes 
Chapter Review 
General facts about alkanes (4.1—4.3) 


е Alkanes are composed of tetrahedral, өр” hybridized C's. 

e There are two types of alkanes: acyclic alkanes having molecular formula СН, , ара cycloalkanes 
having molecular formula C, H, . 

e Alkanes have only nonpolar C-C and С-Н bonds and no functional group, so they undergo few 
reactions. 


e Alkanes are named with the suffix -ane. 


Names of alkyl groups (4.4A) 


CH3 — = —i CH3CH2CH2CH2— = Әх 
methyl butyl 
сена — sog аа = от 
sec-butyl 
а = POR (CHggCHCH; — E ІНЕ 
ргору 
isobutyl 
(CH3)2CH — = ae (СНззС-- - ok. 
isopropyl tert-butyl 


Conformations in acyclic alkanes (4.9, 4.10) 


e Alkane conformations can be classified as staggered, eclipsed, anti, or gauche depending on the 
relative orientation of the groups on adjacent carbons. 


eclipsed staggered anti gauche 
ДЫ H ns | 
H H H H H H 
Dry a. || М 
H CH3 сна 
e Dihedral angle = 0° | e Dihedral angle = 60° | e Dihedral angle of | e  Dihedral angle of 
2 CH,'s = 180? 2 CH,’s = 60° 


A staggered conformation is lower in energy than an eclipsed conformation. 
An anti conformation is lower in energy than a gauche conformation. 
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Types of strain 


e Torsional strain—an increase in energy due to eclipsing interactions (4.9). 
e Steric strain—an increase in energy when atoms are forced too close to each other (4.10). 
e Angle strain—an increase in energy when tetrahedral bond angles deviate from 109.5? (4.11). 


Two types of isomers 


[1] Constitutional isomers—isomers that differ in the way the atoms are connected to each other 
(4.1A). 
[2] Stereoisomers—isomers that differ only in the way atoms are oriented in space (4.13B). 


cis trans 


EE M 


IE aree И! d 


isomers stereoisomers 


Conformations in cyclohexane (4.12, 4.13) 


e Сусіоһехапе exists as two chair conformations in rapid equilibrium at room temperature. 
ө Each carbon atom on a cyclohexane ring has one axial and one equatorial hydrogen. Ring-flipping 
converts axial H's to equatorial H's, and vice versa. 


An axial H flips equatorial. 


І 
" | 
Ring-flip. 
ЕА Бе yas ee Неа 


An equatorial H flips axial. 


e Insubstituted cyclohexanes, groups larger than hydrogen are more stable in the more roomy 
equatorial position. 


The larger СН; group is equatorial. 
| 
7% —= 4-9 


) СНз = axial 
Conformation 1 
more stable Conformation 2 ) 


95% 5% 
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Disubstituted cyclohexanes with substituents on different atoms exist as two possible stereoisomers. 
e The cis isomer has two groups оп the same side of the ring, either both up or both down. 
e The trans isomer has two groups on opposite sides of the ring, one up and one down. 


trans isomer cis isomer 


Oxidation-reduction reactions (4.14) 


Oxidation results in an increase in the number of C—Z bonds or a decrease in the number of 
C-H bonds. 


1 
CH3CH; = OH Ce И = exidati 
сњ“ он Increase in С-О bonds = oxidation 
ethanol acetic acid 


Reduction results in a decrease in the number of C-Z bonds or an increase in the number of 
C-H bonds. 


H H " ^ 
4. 
‘с=с > Н-С-С-Н Increase іп С-Н bonds = reduction 
7 N 
нон TT 
ethylene ethane 


Practice Test on Chapter Review 


1.a. Which statement is true about compounds A-D below? 


OH но, 
СҮ | @ m 
"OH HO OH Ho" HO 


A B с р 
1. А and С аге stereoisomers. 4. Statements (1) and (2) are both true. 
2. B and D are identical. 5. Statements (1), (2), and (3) are all true. 


3. A and B are stereoisomers. 


b. Which of the following statements is true about cis-1-isopropyl-2-methylcyclohexane? 


1. The more stable conformation has the isopropyl group in the equatorial position and the methyl 
group in the axial position. 

2. The more stable conformation has both the methyl and isopropyl groups in the equatorial 
position. 

3. cis-1-Isopropyl-2-methylcyclohexane is a stereoisomer of trans-1-isopopyl-3-methyl- 
cyclohexane. 

4. Statements (1) and (2) are true. 

5. Statements (1), (2), and (3) are all true. 
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c. Rank the following conformations in order of increasing energy. 


CH3 CH3 
H | CHCH; CHCH; „H CH3 CHsCH; ДА „н 
H N сн CH, H et eS 
CH2CH3 CH2CH3 CH3CH3 
A B с 
1.С<В<А 3. А<С<В 5 А<В<С 
2.С<А<В 4.B<A<C 


. Give the IUPAC name for each of the following compounds. 


о 


3. How аге the molecules in each pair related? Are they constitutional isomers, stereoisomers, identical, 
or not isomers? 


CI 
H 
a. Da mé dul E № | 
| сна“ сн 
СНз 
СІ 


Б. 
СІ 


4. Rank the following conformations in order of increasing energy. Label the conformation of lowest 
energy as 1, the highest energy as 4, and the conformations of intermediate energy as 2 and 3. 


H H 
H H | | 
CH3CHs H H CH2CH3 снасњ CH2CH3 
( | ү 
"o H e CH2CH3 ену” сн; сн; сн; 
сна СНз сна chs CH2CH3 H 
A B c D 


Consider the following disubstituted cyclohexane drawn below: 


a. Draw the more stable chair conformation for the cis isomer. 


b. Draw the more stable chair conformation for the trans isomer. 
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Answers to Practice Test 
l.a.4 2. а. 5-isobutyl-2,6- 3. a. identical 4. А-3 5. a. 
dimethyl-6- В-4 
propyldecane Со 
b. 1 b. 1-sec-butyl-4- b. constitutional D-1 
propylcyclooctane isomers 
с.2 с. stereoisomers b. 


Answers to Problems 


4.1 The general molecular formula for an acyclic alkane is C,H 


2n + 2" 


Number of C atoms = n 2n + 2 Number of H atoms 
27 2(27)+2= 56 
31 2(31)+2= 64 


4.2 2-Methylbutane has 4 C's in a row with a 1 C branch. 


HH HH HH HH 
P РА әр oy 
H c H [o C 
a. b. (ей Ыс Erud ^u d. “с^ ма E 
PW V гу d 
2-methylbutane H H н CH3 H CH3 H H 
2-methylbutane : 
re-draw 5 C's in a row 
pentane 


2-methylbutane 


4.3 Constitutional isomers differ in the way the atoms are connected to each other. To draw all the 
constitutional isomers: 


[1] Draw all of the C's in a long chain. 


[2] Take off one C and use it as a substituent. (Don't add it to the end carbon: this re-makes the 
long chain.) 


[3] Take off two C's and use these as substituents, etc. 
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Five constitutional isomers of molecular formula C H; 


[1] long chain 2] with one C as a substituent [3] using two C's as substituents 


aw А ср TK y 


4.4 Draw each alkane to satisfy the requirements. 


H 
гс ен |1 
All other C's are 2? C's. 3°H 
2°H 
4.5 
же 3 mE 
A B с D E F 
6 C chain identical identical isomer identical isomer 
CH3 group оп СЗ CH3 bonded to C2 7 С chain 


4.6 Use the steps from Answer 4.3 to draw the constitutional isomers. 


Five constitutional isomers of molecular formula C5H«4o having one ring: 
m С [2] [3] Ағ s os De 


4.7 Follow these steps to name an alkane: 
[1] Name the parent chain by finding the longest C chain. 
[2] Number the chain so that the first substituent gets the lower number. Then name and 
number all substituents, giving like substituents a prefix (di, tri, etc.). 
[3] Combine all parts, alphabetizing the substituents, ignoring all prefixes except iso. 


4-methyl 


[3] 4-tert-butyl-4-methyloctane 


8 8 4-tert-butyl 


[1] [2] тешу! [3] 2,4-dimethylhexane 


1 У 1 


wr JR 


6 6 2-methyl 


6 carbons - hexane 
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6-isopropyl 


[1] [2] А [3] 6-isopropyl-3-methylnonane 
9 9 Ы 3-methyl 
1 1 


9 carbons - nonane 


[1] [2] [3] 2,4-dimethylheptane 


2 4 2 4 
d. 1 1 
pin 4-methyl 
| 7 


Y 2-methyl 
7 carbons - heptane 


4.8 Use the steps in Answer 4.7 to name each alkane. 


а. (CH3)3CCH2CH(CH2CHs3)2 


[1] re-draw [2 2 [3] 4-ethyl-2,2-dimethylhexane 
СНз СНз 4 
СНз-С-СН;-СН-СН;СН; сНҙ-С-СН;-СН-СН;СН; 
CH3 CH2CH3 CH3 CH2CH3 =— 4-ethyl 
6 carbons = hexane 2,2-dimethyl 
ПІ [2] Jf 2-methyl [3] 3-ethyl-2,5-dimethylheptane 


e M 


3-ethyl Б-теіһуі 


| longest chain 7 7 carbons - heptane 
Number so there are more substituents (three versus two). 
Pick the first option. 


с. CHa(CH3)sCH(CH5 CH3CH3)CH(CH3) 


| re-draw 
[2] 4-isopropyl [3] 4-isopropyloctane 


CH CH 
"i 8 7 де у“ | 
CH3CH2CH2CH2-CH}CH-CH; | CH3CH2CH;CH; — CH - CH- CH; 


| | 
CH CH>CH3 | CH CH>CH3 


1 


[n 


8 carbons - octane 


2-methyl [3] 5-sec-butyl-3-ethyl-2,7-dimethyldecane 


а. [t] [2] 


---- 5-sec-butyl 


10 carbons = decane Tmethyl 


Chapter 4-8 


4.9 To work backwards from а name to a structure: 


[1] Find the parent name and draw that number of C's. Use the suffix to identify the functional 
group (-ane — alkane). 


[2] Arbitrarily number the C's in the chain or ring. Add the substituents to the appropriate C's. 


a. 3-methylhexane 


[1] 6 carbon alkane [2] 3 


| -— — methyl оп СЗ 
wwe 


b. 3,3-dimethylpentane 


methyl groups on C3 
[1] 5 carbon alkane [2] 


| (S 
2. 
c. 3,5,5-trimethyloctane 

5 


n] 


| [2] 
8 carbon alkane did ds 
| 


3 
methyl groups on C3 and C5 


d. 3-ethyl-4-methylhexane 


= methyl group on C4 
0 | [2] 3 
6 carbon alkane 4 
| ~ ethyl group on СЗ 
C NND SS 


e. 3-ethyl-5-isobutylnonane 
[1] | [2] 3 5 


9 carbon alkane 


| ae === isobutyl group on C5 
эт IORI 
ethyl group on C3 


4.10 Use the steps in Answer 4.7 to name each alkane. 


[1] раса [2] no substituents [3] hexane 


6 carbons - hexane 


2-methyl 


[1] ЕЗІ [2] EV d [3] 2-methylpentane 
2 
5 carbons - pentane 
did 


n [2] [3] 3-methylpentane 
3-methyl 


АЯ 


5 сагропѕ = репїапе 


0 fe 


4 carbons - butane 


4 carbons - butane 
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2,2-dimethyl 


[2] СЕ [3] 2,2-dimethylbutane 


[2] 2 [3] 2,3-dimethylbutane 


| 


2,3-dimethyl 


4.11 Follow these steps to name a cycloalkane: 
[1] Name the parent cycloalkane by counting the C's in the ring and adding сусіо-. 


[2] Numbering: 


a. Number around the ring beginning at a substituent and giving the second 
substituent the lower number. 
b. Number to assign the lower number to the substituents alphabetically. 
c. Name and number all substituents, giving like substituents a prefix (di, tri, etc.). 
[3] Combine all parts, alphabetizing the substituents, ignoring all prefixes except iso. 


(Remember: If a carbon chain has more C's than the ring, the chain is the parent, and 
the ring is a substituent.) 


0 Ga 
a. 


6 carbons in ring = 
cyclohexane 


ii [1] : 


5 carbons in ring = 
cyclopentane 


c. ПІ РА 


6 carbons in ring = 
cyclohexane 


d. 


6 carbons in ring = 
cyclohexane 


26 1,1-dimethyl 
[2] [3] 1,1-dimethylcyclohexane 


Number so the 
substituents are at C1. 


1,2,3-trimethyl 


2 b [3] 1,2,3-trimethylcyclopentane 


Number so the first substituent 
is at C1, second at C2. 


[2] 


[3] 1-butyl-4-methylcyclohexane 
ae. 
1 1-butyl 
4-methyl 


Number so the earlier alphabetical 
substituent is at C1, butyl before methyl. 


Ler 
[2] 1 [3] 1-sec-butyl-2-isopropylcyclohexane 


2 
N 2-isopropyl 


Number so the earlier alphabetical 
substituent is at C1, butyl before isopropyl. 
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е. [1] V nd [2] vor [3] 1-cyclopropylpentane 


longest chain = 
5 carbons = 1-cyclopropyl 


pentane Number so the 
cyclopropyl is at C1. 


1,1-dimethyl 
p^ d у 
[3] 3-butyl-1,1-dimethylcyclohexane 


6 carbons in ring = 
cyclohexane 3-butyl 


Number so the two 
methyls are at C1. 


4.12 To draw the structures, use the steps in Answer 4.9. 


a. 1,2-dimethylcyclobutane 


(1 4 carbon cycloalkane [2] [3] 


1 
methyl groups | | 
on C1 апа C2 = 


b. 1,1,2-trimethyleyclopropane 


ПІ 3 carbon cycloalkane [2] 2 3 CH;'s 
1 


с. 4-ethyl-1,2-dimethylcyclohexane 
[1] б carbon cycloalkane [2] eos 
С) 1 


а. 1-sec-butyl-3-isopropylcyclopentane 


[3] 
[1] 5 carbon cycloalkane [2] 3 ~~~ isopropyl [3] 
Q | 
77—  sec-butyl 
[3] 


2 CHs's 


e. 1,1,2,3,4-pentamethylcycloheptane 


И] 7 carbon cycloalkane [2] 5CHsjs 
з 14 
2 
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4.13 Compare the number of C's and surface area to determine relative boiling points. Rules: 
ІП Increasing number of C's = increasing boiling point. 


[2] Increasing surface area — increasing boiling point (branching decreases surface area). 


И И ИС 


И АИ ИН а И 
8 C's 


7 C's 7 C's и 
linear linear one branch 
largest number of C's 
no branching 
highest bp 


7 C's 
three branches 


increasing branching 
decreasing surface area 
decreasing bp 


Increasing boiling point: (СНз)зССН(СН3)2 < CH3CH35CH25CH2CH(CH3)2 < СНз(СН>)5СНз < CH3(CH2)gCH3 


4.14 To draw a Newman projection, visualize the carbons as one in front and one in back of each 
other. The C-C bond is not drawn. 


сн; 
В CH H 
с снзсн.= СНз Br DH He Босна 
a. H [7 NCh; b. К: у с. сс а Pa 
РА қа З 
в” Ун H | H СНз H 4 | CH3 ie В; 
C іп front | € in front 
C in front C in front 
CH 
а! | с Вг " 
CH3 H CH2CH3 H | H CH3 „H CH3 
ds a ie ashi 
H 

Br H 


Br 
CH3 CH3 


4.15 Re-draw each Newman projection as a skeletal structure, remembering that a Newman projection 
shows the substituents bonded to two C's but not the C's themselves. 


H СНз 
PW S Er СН>СН2СНз H у CH2CH3 H 
2-methylpentane H 


CH3 


H 


B 
СНз H CH3CH2 H 
H H H 
A B с 
CH3 C in back CH3 H C in back CH3 H C in back 
| T. | | MF di | | Pd 
CH3— C7 CH;CH;CHs CH= C— с CH>CH3 
H 


CH3CH> NE S CH3 
H H H H 
2-methylpentane 


3-methylpentane 


2-methylpentane 
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4.16 
4.0 kJ/mol 
H 
%; „уста 
To calculate H,CH3 destabilization: 
ул д 14 kJ/mol (total) — 
Н,Н eclipsing Are pct: ; 
Шай H Ne 8.0 kJ/mol for 2 H,H eclipsing interactions 
"РАТА РА 4.0 kJ/mol = 6 kJ/mol for опе H,CHs eclipsing interaction 


4.17 То determine the energy of conformations, keep two things in mind: 
[1] Staggered conformations are more stable than eclipsed conformations. 
[2] Minimize steric interactions: keep large groups away from each other. 
The highest energy conformation is the eclipsed conformation in which the two largest 


groups are eclipsed. The lowest energy conformation is the staggered conformation in 
which the two largest groups are anti. 


rotation here 


H 
p СНз | СНз 
Не. I Б СНз 

H 

1 


staggered 


most stable 
60° 


CH3 


H 
CH3 сн; 


eclipsed 
least stable 


609 


Н 
СНз E 


staggered 


4.18 Use the criteria in problem 4.17 to determine the relative energy. 


сн;сн; 

CH3CH; 
| ХХ . | 
H CH;CHs 

сн; 
А 


CH3 
H 


HH 


CH3 H 


staggered 
most stable 


60° 


eclipsed 
least stable 


Staggered conformations A and D are lower in energy than eclipsed conformations B and C. D is 
lower in energy than A because it has two gauche interactions and A has three. C is higher in 
energy than B because all the larger groups (СН, апа СН,СН,) are eclipsed. 


Ranking: D<A<B<C 
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4.19 To determine the most and least stable conformations, use the rules from Answer 4.17. 


CI 
H 
a. 12-dichloroethane H | H HSS СІ | H 
609 609 H 
СІСН = СНӘСІ — Qo E: 
Ж CN 
H H ан H^ Әс 
rotation here el CI 
1 2 3 
staggered, anti eclipsed staggered, gauche 
о 
609 60 
Н 
СІ 
HSS H H | H не. Н 
609 609 
SS 
H cm H а 
сл СІ СІ 
6 5 4 
eclipsed staggered, gauche eclipsed 
highest energy 
СІ groups eclipsed 
least stable 
b. 
4 


Eclipsed forms are 


higher in energy. 


Staggered forms 
are lower in energy. 


2 
> 
о 
Ф 
t 
ш 
1 1 
most stable most Stable 
Cl groups anti 
| | | 
| | | | 
180? 120° 60? 09 609 1209 1809 


Dihedral angle between 2 CI's 


4.20 Add the energy increase for each eclipsing interaction to determine the destabilization 


H 
H Нснз 


ҢСНз 


Н,Н interaction - 4.0 kJ/mol 


1 
2 H,CH3 interactions 


(2 х 6.0 kJ/mol) = 12.0 kJ/mol 


Total destabilization - 16 kJ/mol 


СНз S 


H "cH, 


H 


З НСНа interactions 
(3 x 6.0 kJ/mol) - 


Total destabilization 


18 kJ/mol 
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4.21 Two points: 
e Axial bonds point up or down, whereas equatorial bonds point out. 
e Ап up carbon has an axial up bond, and a down carbon has an axial down bond. 


equatorial 
axial up СНз| Br СНз Br 
™ H ¥ H —— axial up 
HO H HO 
H : Н 
ye СІ н |= axial down Cl 
| H | он он 
equatorial | Ор carbons аге dark circles. 
equatorial Down carbons are clear circles. 
4.22 
axial 
2; CH3 b. 4 Гел 5 
йук ОН equatorial equatorial СНз LI ДЕК КД HO о он three equatorial OH's 
14775 6 OH axial HO D 


4.23 Draw the second chair conformation by flipping the ring. 
e The up carbons become down carbons, and the axial bonds become equatorial bonds. 
e Axial bonds become equatorial, but up bonds stay up; that is, an axial up bond becomes 


an equatorial up bond. 
e The conformation with larger groups equatorial is the more stable conformation and is 
present in higher concentration at equilibrium. 


axial 


and label the C Up carbons switch 


і 
Draw іп the Н Draw second conformation. 
BL CU BN D ~ уне 


as ир or down. to down carbons. ips ТЕЗ 
more stable Axial bond is up = Br | | _ 
Br is equatorial. up carbon А Axial bond is down = 
axial down carbon 
axial 
| 5 
CI 
A Draw in the H Draw second conformation. а MA 
b. X TOA og - 
and label the C H Up carbons switch mi Ee HO 
as up or down. A | to down carbons. axial Axial bond is down = 
eg down carbon 
Axial bond is up = 
up carbon more stable 


СІ is equatorial. 


Axial bond is up = 


up carbon ji 
| H 
D інен Draw second conformation. 
© {њен raw in the CH2CHs S Жет. 
БАЗАР ЛИДЕРЛЕР Еа Up carbons switch ] 
and label the С eq to down carbons. CH2CH3 
more stable as up or down. 
CH2CH3 is equatorial. Map pondi gown = 
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4.24 
СНз ах 
/ Ў 7 CH2CH3 Би O O O 
eq = СҢ; eq 
more stable H4CH 
The larger ethyl group is in the ЕВ 
ах 


roomier equatorial position. 


4.25 Wedges represent “up” groups in front of the page, whereas dashed wedges are “down” groups in 
back of the page. Cis groups are on the same side of the ring, whereas trans groups are on opposite 


sides of the ring. 


a. cis-1,2-dimethylcyclopropane b. trans-1-ethyl-2-methylcyclopentane 


p 5 ENS ar 
Ww (7 A E 
3 ER 


trans - opposite sides of the ring 
one group on a wedge, 
one group on a dashed wedge 


cis - same side of the ring 
both groups on wedges or 
both on dashed wedges 


4.26 Cis and trans isomers are stereoisomers. 


cis-1,3-diethylcyclobutane a. trans-1,3-diethylcyclobutane b. cis-1,2-diethylcyclobutane 


~ 
cis = same side of the ring trans - opposite sides of the ring . constitutional isomer 
different arrangement of atoms 


both groups on wedges or one group on a wedge, 
both on dashed wedges one group on a dashed wedge 


4.27 
. CH 
trans: 3 
a. с. H 
ЈЕ uz CH3 
i CH3 
groups on same side groups on opposite sides CH3 | H 
cis isomer trans isomer 
(one possibility) both groups equatorial 
more stable 
cis: CH3 CH3 two chair conformations for the trans isomer 
b. eH <— CH3 d. The trans isomer is more stable because 
3 H it can have both methyl groups in the more roomy 
H H equatorial position. 


two chair conformations for the cis isomer 


Same stability because they both have 
one equatorial, one axial CH3 group. 
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4.28 То classify а compound as a cis or trans isomer, classify each non-hydrogen group ав up or 
down. Groups on the same side — cis isomer; groups on opposite sides — trans isomer. 


down bond up bond 
down bond (ЧР) (up) (equatorial) (axial) (up) 
(equatorial) H (up) H H — B H 
Н Ж г 
“ СІ Н 
а. е ы? b. Ge == нс ERN. pe 
HO OH "Su bond H (down) | Br 
| он (down) (equatorial) с! down bond H 
down bond (equatorial) 
(equatorial) one group up, one down = one group up, one down = 
both groups down = trans isomer trans isomer 
cis isomer 
4.29 
CH2CH3 —— axial CH2CH3 ир ——= CHCH? Н 
£e P I EFE eestor 
а; | © (equatorial) 
1,1-disubstituted trans-1,3-disubstituted 
СНз <——ир (axial) H 
H AL 
b. СН2СНз «——up а. йр снзсн; СНз down 
equatorial 
H (equatorial) 
cis-1,2-disubstituted trans-1,4-disubstituted 
4.30 
axial axial 
up up 
: 1 Г 
а. Draw the chair. Add substituents. 1 
ee. Л Ly equatorial 
Number the C's. 2 3 2 up 
с А 
| ring-flip 
axial 
Conformation B is more stable because Bw 
there are two large groups in the more equatorial 2 equatorial 
roomy equatorial position. 3 1 
B 
H H HCH2CH2CH; 
5| СНз |1 | 
b. СНз CH2CH2CH3 => 
3 
4 H 2 
D 


4.31 Oxidation results in an increase in the number of C-Z bonds, or a decrease in the number of С-Н 


bonds. 
Reduction results in a decrease in the number of C-Z bonds, or an increase іп the number of С-Н 


bonds. 
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О О 
О OH 
a H e" с. PN — 
И OH 


Decrease in the number of C-H bonds. 


No change in the number of C-O 
Increase in the number of C-O bonds. 


or C-H bonds. Neither 


Oxidation 
| Decrease in the number of C-O bonds. 
Decrease in the number of C—O bonds. Increase in the number of C-H bonds. 
Increase in the number of C-H bonds. Reduction 
Reduction 


4.32 Тһе products of a combustion reaction of a hydrocarbon are always the same: CO, + H,O. 


flame 
а CH3CH2CH3 + 505 ЗСО) + 4Н>О + heat 


flame 
b. * 9 O5 —- 6 СО; * 6 H20 * heat 


4.33 "Like dissolves like." Beeswax is a lipid, so it will be more soluble in nonpolar solvents. ЊО is 


very polar, ethanol is slightly less polar, and chloroform is least polar. Beeswax is most soluble 
in the least polar solvent. 


Increasing polarity 


D А 


H20 CH3CH20H CHCl 


— а 


Increasing solubility of beeswax 


4.34 Re-draw each alkane as a skeletal structure, and use the steps in Answer 4.7 to name each 
compound. Classify C's as in Section 3.2. 


4 
Т | ГА 7 C's in longest chain = heptane 2 
Number from left to right to put two P ө-2С 
substituents on C3. А =3°С 
ч 5 B 1° C's unlabeled 
Ш -42С 
Four CH3 groups ----- > tetramethyl 


Answer: 3,3,4,5-tetramethylheptane 


b. 
8 C's in longest chain - octane 


5 3 1 
| | | Number from right to left to put first Ф-СС 
substituent at C3. =3°С 
= f? C's unlabeled 


m=4C 
ethyl at СЗ; two methyls (C5) ----- > dimethyl 
Answer: 3-ethyl-5,5-dimethyloctane 
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4.35 Re-draw the ball-and-stick model as a chair form. 


equatorial 
H 


н | 
а. H А 4 CH(CHs)2 
1 Br «— —— equatorial 


Сн; 


| 


axial 


b. CH, оп СІ and Br on C2 are both down, making them cis. 


c. Bron C2 and CH(CH,), on C4 are both down, making them cis. 


d. Second chair form: 


H This chair form is less stable because two groups 
1 [Br and CH(CH3)2] аге in the more crowded axial 
CH3 H \ 4-H position. 


Br СН(СНа)2 


4.36 
о Ye 
И 22. У as 
ý ө © 


4.37 a. Five constitutional isomers of molecular formula С.Н, 


PM Boe os 


b. Nine constitutional isomers of molecular formula С.Н: 


МЕ uiis 
AY 


^o о бо 4 


c. Twelve constitutional isomers of molecular formula C,H,, containing опе ring: 


EJ d B ax 
A A A ДА 


HU 
А ДА 
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4.38 Use the steps in Answers 4.7 and 4.11 to name the alkanes. 


a. 
[1] | [2] 


ps 


[3] 6-isopropyl-3-methyldecane 


<  6-5оргору! 


3-methyl 
10 carbons - decane 
= 4-isopropyl 
р. Ш | [2] [3] 8-ethyl-4-isopropyl-2,6-dimethyldecane 
10 carbons - decane | 8-ethyl | 
2,6-dimethyl 
5-ргору! 
8 
c М [2] [3] 3-ethyl-3,4-dimethyl-5-propyloctane 
1 
| 4-methyl 
8 carbons - octane 3-methyl | 
3-ethyl 
7-methyl 


[3] 3,3,6-triethyl-7-methylnonane 


9 
1 
а. D e 


| 


`/ 


9 carbons = попапе 6-ethyl 
3,3-diethyl 
3 
3-cyclobutylpentane 
e. 
3-cyclobutyl 
ice 
f. 1-sec-butyl 
2 1-sec-butyl-2-isopropylcyclopentane 
2-isopropyl 
g. AR. 1-isobutyl-3-isopropylcyclohexane 


1-isobutyl 
3-isopropyl 
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4-ізоргоруі 
Y 
h N = 2-methyl 
СЕ 5 a e 5-isobutyl-4-isopropyl-2-methyl-6-propyldecane 


6-propyl 


| 


5-isobutyl 


—— 2-sec-butyl 


2-sec-butyl-5-ethyl-1,1-dimethylcyclohexane 


| “~ 4,4-dimethyl 


—<—9-е{һу! 


—— 8-ећу! 
8,9-diethyl-7-isopropyl-4-methyltridecane 


~—7-isopropyl 


4-methyl 


4.39 Use the steps in Answer 4.9 to draw the structures. 


а. 3-ethyl-2-methylhexane 


[1] 6 C chain [2] || 
ANN methyl S 
on C2 ethyl on C3 


b. sec-butylcyclopentane 
И] 5 Сгіпа [2] an 


isopropyl on C4 


c. 4-isopropyl-2,4,5-trimethylundecane | 
[2] 
[1] 11 C chain 


PL 
methyls on C2, C4, and C5 


d. cyclobutylcycloheptane 


И] 7Ссусіоаікапе [2] C9 


е. 3-ethyl-1,1-dimethyleyclohexane 
[1] 6 C cycloalkane 


f. 4-butyl-1,1-diethylcyclooctane 


[1] 8 C cycloalkane 


g. 6-isopropyl-2,3-dimethyldodecane 
[1] 12 C alkane 


LOLOL Мы OOS 


h. 2,2,6,6,7-pentamethyloctane 
[1] 8 C alkane 


УСС МИС ИТ 


i. cis-1-ethyl-3-methylcyclopentane 


[1] 5 Cring 


Ж 


j. trans-1-tert-butyl-4-ethylcyclohexane 


[1] 6 Cring 


8 


4.40 Correct each name. 


a. Incorrect name: 7-ethyl-3,6-dimethylnonane 


Proper numbering: 


Number to give the second substituent in 


the chain the lower number: 
3-ethyl-4,7-dimethylnonane 


[2] 
~~ 2 methyl 
TCS <— groups on СТ 
ethyl on C3 
2 ethyl groups Қ 


| 
[2] 


methyl on C2 isopropyl on C6 


p a | 


-— methyl on C3 


5 methyl groups 


— ethyl on C1 — 
| В. > 
or 
-— methyl on СЗ 2 


b. Incorrect name: 4-ethyl-3-isopropylheptane 


Proper numbering: 


Choose the 7 C chain with more 
substituents: 
3,4-diethyl-2-methylheptane 
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с. Incorrect name: 3-ethyl-1,4-dimethylcycloheptane d. Incorrect name: T-ethyl-3-methyl-5-isopropylcyclohexane 


Ring was numbered incorrectly. 3 Begin at ethyl and number the ring to give the 
Proper numbering: lower number to the substituent that comes 
2 earlier in the alphabet. Alphabetize the "i" of 
isopropyl before the "m" of methyl: 


t-ethyl-3-isopropyl-5-methylcyclohexane 
Number to give the second substituent 


on the ring the lower number: 
2-ethyl-1,4-dimethylcycloheptane 


4.41 


СНз СНз СНз 
CH3 H H 


| Н Н CH3CH5CH5 | 
CH2CH2CH3 CH2CH3 CH2CH3 
| re-draw | re-draw | re-draw 


ame fae UM 


4-isopropylheptane 3-ethyl-3-methylpentane 4,4-diethyl-5-methyloctane 


4.42 Use the rules from Answer 4.13. 


stale а о 4 
most branching 


least branching 
lowest boiling point highest boiling point 


4.43 a. 
Pans 
СНз(СН2)5 СНз (CH3)sCC(CH3)s 
no branching = higher surface area branching 7 lower surface area 
higher boiling point 


lower boiling point 
more spherical, better packing = 
higher melting point 


b. There is а 159 °С difference in the melting points, but only a 20 °С difference in the boiling 
points because the symmetry in (CH,),CC(CH,), allows it to pack more tightly in the solid, thus 
requiring more energy to melt. In contrast, once the compounds are in the liquid state, 


symmetry is no longer a factor, the compounds are isomeric alkanes, and the boiling points are 
closer together. 


4.44 
CH3 
н. с 
a. 
H “н 
СНз 


1 gauche СНз,СНз 
= 3.8 kJ/mol 
of destabilization 


Energy difference - 


7.6 kJ/mol — 3.8 kJ/mol = 
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H H 
H | CH H | H СЕВ сн 
У, з " 2 H „H CH3 
ж PS 
Н, “аны CH3 CH3 Г 
CH3 CH3 сн; 
higher energy 2 gauche CH3,CH3 higher energy 
2 gauche CH3,CH3 3.8 kJ/mol x 2 = 3 eclipsed H,CH3 
3.8 kJ/mol x 2 = 7.6 kJ/mol 7.6 kJ/mol 6 kJ/mol x 3 = 18 kJ/mol 
of destabilization of destabilization of destabilization 
Energy difference = 
3.8 kJ/mol 18 kJ/mol – 7.6 kJ/mol = 10.4 kJ/mol 


4.45 Use the rules from Answer 4.17 to determine the most and least stable conformations. 


a. 


р 


| 


CH2CH2CH3 


H 


У 


Н 
staggered 
most stable 


H 


H H 


АП staggered conformations are equal in energy. 


АП eclipsed conformations are equal in energy. 


4.46 Use the rules from Answer 4.17 to rank the conformations. 


CH2CH3 
CH3CH> 


H 


H 


A 
staggered 
two gauche interactions 
highest energy 
staggered conformation 


4.47 
(CH3)2CH :СН2СН2СНз 
Ja СНз 
с же 


„с— 
H4 N 


CH3 H 


A 
staggered 
second most stable 
Isopropyl and propyl 
are gauche. 


HCH CH2CH3 CHCH; О г 
H С H ~ 72473 
H H 
NH 
n H CH2CH3 HAH 
li d 
еа Stable staggered _ eclipsed 
ethyl groups anti ethyl groups eclipsed 
most stable least stable 
CH2CH3 are H 
H CH3CHs CH3CH2 H 
СХ H CH2CH3 222 
H H CH3CH> H CH3 CH2CH3 
CH3 H 
B с D 
staggered eclipsed conformation staggered 


two ethyl groups gauche highest in energy 


order: D < В < А < C 
lowest highest 
energy energy 

(CH3)2CH CH2CH2CH3 Б 

| : 
e e £ А 

н“ "н - 

CH3 CH3 Ж 

B с 

eclipsed staggered 

highest energy most stable 


largest groups eclipsed 


largest groups anti 
least stable 


two CHs's anti 


Increasting stability: В < D < A < C 


ethyl groups anti 
lowest in energy 


H 
5 АСН2СН;СН; 


/ N 
(СНз)> СН CH3 


D 
eclipsed 
second highest in energy 
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4.48 
снҙсн; H 
H H E | H H 
ex 60 Н CH2CHs 60° 
= 5 н CH3CHs 


[1] ЛУ Сы 
| H H 
СНз |сњ сн; 
1 H2 3 
A 
60° Ы 
Н 
H H 
CH3CH> Н 60° М H 60* А. + 
CH3CH> H 
CH3 CH3 CH3 
H CH2CH3 
6 5 4 
least stable 
4 
Eclipsed forms are 
8 higher in energy. 
2 
ш 
Staggered forms 
are lower in energy. 
1 1 
most stable most stable 
| | 
| | | 
180? 1209 609 09 609 1209 1809 
Dihedral angle between two alkyl groups 
most stable 
CH3CH2 H H H 
H H CH2CH H H 
60° 2513 eos 
[2] dace H сн сн CHCH 
| 3 3 2513 
CH3 CH3 CH3 
CH3 
1 2 3 
60° 60° 
H CH3 H H 
CH3CH CH 
3 2 CH3 60° H H 60° 3x H 
CH3CH> H 
CH3 CH3 CH3 
H CH2CH 
6 5 2573 
least stable 
4 


least stable 
4 


Energy 


1 
most stable 
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Eclipsed forms are 
higher in energy. 


Staggered forms 
are lower in energy. 


1 
most stable 


09 


1209 


1809 12 


609 609 


Dihedral angle 


09 1809 


(between СНзСН> іп back апа СНз in front) 


4.49 Two types of strain: 


Torsional strain is due to eclipsed groups on adjacent carbon atoms. 


e 
e Steric strain is due to overlapping electron clouds of large groups (e.g. gauche interactions). 
н / 
СНз 
H | CH3 HSS СНз HA „Нен 
а. = b. R с. 
н< i CH3 d 
CH Ha CH3CHs 
CH3 CH3CH2 
two sites eclipsed conformation = two bulky ethyl groups close = 
torsional strain steric strain 


three bulky methyl groups close = 
steric strain 


eclipsed conformation = 
torsional strain 


4.50 The barrier to rotation is equal to the difference in energy between the highest energy eclipsed and 


lowest energy staggered conformations of the molecule. 


H H 
ТАСН 
а. X ГАА 3 А 
ее R 
н N 
H СНз 
CH3 сн; 
H H H H CH3 
Ра ^ 
H СНз H 
H H 
most stable least stable 


Destabilization energy - 


2 H,CH3 eclipsing interactions 
2(6.0 kJ/mol) = 12.0 kJ/mol 


1H,H eclipsing interaction = 4.0 kJ/mol 


Total destabilization - 16.0 kJ/mol 


16.0 kJ/mol = rotation barrier 


H СНз 
\ `a CH3 
н” \ 
СНз 
dc CH3 
H H НУ H CH3 
е ~ 
CH3 CH3 CH3 
H H 
most stable least stable 


Destabilization energy = 


З H,CH3 eclipsing interactions 
3(6.0 kJ/mol) = 


Total destabilization = 18.0 kJ/mo 


18.0 kJ/mo 


18.0 kJ/mol = rotation barrier 
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4.51 

СІ 
| H 

H H 

ж ч 

H H H 

H H 

most stable least stable 


CI 


2 Н.Н eclipsing interactions = 2(4.0 kJ/mol) = 8.0 kJ/mol 


Because the barrier to rotation is 15 kJ/mol, 
the difference between this value and the 
destabilization due to H,H eclipsing is the 
destabilization due to H,CI eclipsing. 


15.0 kJ/mol – 8.0 kJ/mol = 7.0 kJ/mol 


destabilization due to Н,СІ eclipsing 


4.52 The gauche conformation can intramolecularly hydrogen bond, making it the more stable 


conformation. 


HOCH; — CH;OH 


| Е 
rotation here H 


4.53 
axial 
НУР 
а. он axial b OH 
Ш но 27 down НО 
eq 
H H 
eq опе up, one down = 
trans 
axial up 
Br Br 
a: H eq p: H 
[2] сн; ed СНз up 
H H 
axial both up = 
cis 
axial H 
a. H b. 
OH 
ІЗ! ep У ЈЕ down 
p 
eq H 
H 
axial 


one up, one down = 
trans 


H 


D: hydrogen bonding 
H 
H С 


даисһе 


Hydrogen bonding can occur only 
in the gauche conformation, 
making it more stable. 


HO,, 


OH eg 


-————— 


ax 
ax 
CH 
eq Br 
He 
| 4 
Н 
ах 
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4.54 Place the larger alkyl group in the more roomy equatorial position. 


a. trans-1-isopropyl-3-methylcyclohexane 


с. cis-1-ethyl-2-isobutylcyclohexane 


b. cis-1-sec-butyl-4-ethylcyclohexane 


[225 


d. trans-1,2-dibutylcyclohexane 


4.55 A cis isomer has two groups on the same side of the ring. The two groups can be drawn both up 
or both down. Only one possibility is drawn. А trans isomer has one group оп опе side of the 
ring and one group on the other side. Either group can be drawn on either side. Only one 


possibility is drawn. 


trans 


b. cis isomer 


д4, ia da 


both groups equatorial 
more stable 


c. trans isomer 


( poe — m 
eq ax | 


larger group equatorial 
more stable 


AE o m 


The cis isomer is more 
stable than the trans 
because one conformation has 
both groups equatorial. 


cis trans cis trans 


b. cis isomer b. cis isomer 


ax ax 


ax 


larger group equatorial larger group equatorial 


more stable more stable 
c. trans isomer c. trans isomer 
ax ax 
| ( у 
у= La ы т 
eq ея 
ах ах 
both groups equatorial both groups equatorial 

more stable more stable 


у= 


The trans isomer is more 
stable than the cis 
because one conformation has 
both groups equatorial. 


z >- 


The trans isomer is more 
stable than the cis 
because one conformation has 
both groups equatorial. 


Chapter 4-28 


4.56 
ЗАН Re-draw to see БН 
axial and equatorial. 
HO HO 
all equatorial 
menthol 
4.57 
1 
E 
a. с. 
3 1 3: 0503 
all equatorial CH3's 2 equatorial CH3's 
1 axial CH3 
1 
5 
b. d. 1 
3 1 Lt 
: 3/21 
7 2 equatorial СНз'ѕ 3 equatorial CH3's 
1 axial CH3 
4.58 a. 
D H 
d 
с OH iia Қ | 
СНз is axial and up. ОН is equatorial 
A БЇ апа down, so the two groups are trans. 
a Br H 
А 
b. A substituent (А) on С, that is cis to the existing CH, must be up, so it is equatorial. 
c. An equatorial Br on C, is down, so it is cis to the OH group. 
d. AH on C, must be axial and down, making it cis to the OH group. 
e. A substituent (D) on C, that is trans to the OH must be up and axial. 
4.59 
27? ог HO е OH 
HO о 
* Ho он | НОО ^ но OH 
HO 9 OH 
OH 
HO 


most stable 
All groups are equatorial. 


constitutional isomer 


OH, OH 


d. О 


НО он 


OH 


Alkanes 4-29 
4.60 
DI d Mr 
a. H СНз = c. | ап 
" and ~ 3 Y “е 
> CH, H А СНзСН> 
1 down, 1 up = both down = 
1 down, 1 up = 1 down, 1 up = trans cis 
trans : ans | different arrangement іп three dimensions 
same сија Қ тее dimensions stereoisomers 
identica 
ax ax 
b d СНз + up CH2CHs3 
eq eq H 
ae Md Bom LT and MA 
| H 
up H | ир | 
same molecular formula C1oH20 both up = cis both up - cis 
different connectivity 
constitutional isomers 
same arrangement in three dimensions 
identical 
4.61 
5 
1 Н 
5 3 (CH3)2CH CH2CH3 
1 (CH3)2CHC(CH3)2CH(CH3)2 ү 
с сн; сн; 
А в H 
3-ethyl-2,4-dimethylpentane identical D 
isomer 
identical 
4.62 
CH(CH nai М 
р | im сњењ он сњ H 
a. SS < 254 b. and 
H CH CH 
HOM `снәсн, | 5 СН 7] : 
re-draw 
| re-draw same molecular formula 


dd 


3-ethyl-2-methylpentane 


different arrangement of atoms 
constitutional isomers 


44 


3-ethyl-2-methylpentane 


same molecular formula 


sam 
identica 


e name 
| molecules 
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4.63 

a. A and B: constitutional isomers 

A and C: identical 
B and D: stereoisomers 
| "i к 
А B с D 
cis trans cis cis 
С; "P 
Бов 
d. p 
КИ 
stereoisomer of A 

4.64 

a. 3| 21 , 

= stereoisomer: | 
position of СНзСН> changed 
b. stereoisomer: VAM 
position of both CH3CH» groups 
changed to be equatorial 
4.65 
Three constitutional isomers of С7Над: 
1,1-dimethylcyclopentane 1,2-dimethylcyclopentane 1,3-dimethylcyclopentane 


Su 5 
ог ог 
| p, 
2 | 
cis 


trans cis 


trans 
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4.66 Use the definitions from Answer 4.31 to classify the reactions. 


H 
N N OCH3 о 
Т 


| in th f H atoms. R ti One more C-O bond and one more 
ncrease in the number of H atoms. Reduction С-Н bond. Neither 


4.67 Use the rule from Answer 4.32. 


flame flame 
a. 7СО» + 8H50 + heat b. 4 СО; + 5 ЊО + heat 


әлем 
1105 (13/2) O5 
4.68 
1C-O bond 
H | OH 
[1] [2] 
= о = 
а. " ТН. 1 С-Н Бопа 
benzene an arene oxide phenol 
2 C—O bonds 
[f] increase in С-О bonds [2] loss of 1 C—O bond, 
oxidation reaction loss of 1 С-Н bond 
neither 


b. Phenol is more water soluble than benzene because it is polar (contains ап О-Н group) and 
can hydrogen bond with water, whereas benzene is nonpolar and cannot hydrogen bond. 


4.69 
О 
OH d OH I 
on NTN soy ма 
H 
This ionic part of the molecule 
interacts with water. 
HO OH HO OH 
cholic acid 
a bile acid a bile salt 


This less polar part of the molecule 
can interact with lipids to create 
micelles that allow for transport 
of lipids through aqueous environments. 


4.70 The mineral oil can prevent the body’s absorption of important fat-soluble vitamins. The vitamins 


dissolve in the mineral oil, and are thus not absorbed. Instead, they are expelled with the mineral 
oil. 


4.71 Cyclopropane has larger angle strain than cyclobutane because the internal angles in the three- 
membered ring (60°) are smaller than they are in cyclobutane. Although cyclobutane is not flat, as 
shown in Figure 4.11, there are more С-Н bonds than there аге in cyclopropane, so there are more 
sites of torsional strain. Thus cyclopropane has more angle strain but less torsional strain. The 
result is that both cyclopropane and cyclobutane have roughly similar strain energies. 
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4.72 Тһе amide in the four-membered ring has 90? bond angles giving it angle strain, which makes it 


more reactive. 
amide 


О 
penicillin С Bn 
strained amide 
more reactive 
4.73 
CI I 
Example: H H Although I is a much bigger atom than CI, the C- bond 
is also much longer than the С-СІ bond. As a result, the 
» 2 eclipsing interaction of the Н and I atoms is пої very much 
HH ~ ДН HH “Нн different in magnitude from the Н,СІ eclipsing interaction. 
х Ж Ж H 7 
N 
«ce, сс. `` longer bond 
H' 4 \ “H HY / \ “н 
H H H H 
4.74 
H H 
H H 
decalin trans-decalin cis-decalin 
H H 
H 1 
H 
H he yh 
trans 1,3-diaxial interaction 
cis 
The trans isomer is more stable because 
the carbon groups at the ring junction are This bond is axial, creating unfavorable 
both in the favorable equatorial position. 1,3-diaxial interactions. 
4.75 Re-draw the ball-and-stick model using chair forms. 
a. axial CH H b. All bonds above the ring are on wedges and 
(above) —_,~"'3 all bonds below the ring are on dashed wedges. 
HO 
H 
| H H OH axial 
equatorial (below) 
(above) A 


Alkanes 4-33 
4.76 
СН =~ axial 
а, b. CI «— — axial c. The circled H's at one ring fusion are cis. The 
^ boxed іп CH3 and H at the second ring fusion are trans. 
СІ «—— equatorial 
H 
B 
4.77 
eo : 
1 
2 
1 3 5 2 3 
3 
pentylcyclopentane (1,1-dimethylpropyl)cyclopentane (2-methylbutyl)cyclopentane (2,2-dimethylpropyl)cyclopentane 
(1-methylbutyl)cyclopentane (1-ethylpropyl)cyclopentane (1,2-dimethylpropyl)cyclopentane (3-methylbutyl)cyclopentane 
4.78 


2-ethyl-7,7-dimethylbicyclo[2.2.1]heptane 6-ethyl-3,3-dimethylbicyclo[3.2.0]heptane 
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Chapter 5: Stereochemistry 
Chapter Review 


Isomers are different compounds with the same molecular formula (5.2, 5.11). 


[1] Constitutional isomers—isomers that differ in the way the atoms are connected to each other. 
They have: 


e different IUPAC names 
e the same or different functional groups 
e different physical and chemical properties. 


[2] Stereoisomers—isomers that differ only in the way atoms are oriented in space. They have the 
same functional group and the same IUPAC name except for prefixes such as cis, trans, К, and S. 
e Enantiomers—stereoisomers that аге nonsuperimposable mirror images of each other (5.4). 
e Diastereomers—stereoisomers that are not mirror images of each other (5.7). 


Br Br Br Br H Br H H Br 
B с 


Вг 


D 


enantiomers enantiomers 


A and B are diastereomers of C and D. 
Assigning priority (5.6) 


Assign priorities (1, 2, 3, or 4) to the atoms bonded directly to the stereogenic center in order of 
decreasing atomic number. The atom of highest atomic number gets the highest priority (1). 

If two atoms on a stereogenic center are the same, assign priority based on the atomic number of the 
atoms bonded to these atoms. One atom of higher atomic number determines a higher priority. 

If two isotopes are bonded to the stereogenic center, assign priorities in order of decreasing mass 
number. 


To assign a priority to an atom that is part of a multiple bond, treat a multiply bonded atom as an 
equivalent number of singly bonded atoms. 


4 1 3 2 3 үн 2 
к 52 ; но ^X^ "oH 
D^ H OH 
4 /1 
2 3 4 1 
“Тһе stereogenic center is + CH(CH3)? gets the highest • OH gets the highest priority because 
bonded to Br, CI, C, and H. priority because the C is O has the highest atomic number. 
“Тһе stereogenic center is not bonded to two other C's. * СОН (three bonds їо О) gets higher 
bonded dioc tol priority than CH2OH (one bond to О). 
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Some basic principles 


ө When a compound and its mirror image are superimposable, they are identical achiral 
compounds. А plane of symmetry in one conformation makes a compound achiral (5.3). 

ө When a compound and its mirror image are not superimposable, they are different chiral 
compounds called enantiomers. A chiral compound has no plane of symmetry in any conformation 
(5.3). 

A tetrahedral stereogenic center is a carbon atom bonded to four different groups (5.4, 5.5). 
For n stereogenic centers, the maximum number of stereoisomers is 2" (5.7). 


< | Tr 
H м “7 H p СІ КЎ «2 H 


plane of symmetry 


H H H CI 
no stereogenic centers one stereogenic center two stereogenic centers two stereogenic centers 
achiral chiral chiral achiral 


Optical activity is the ability of a compound to rotate plane-polarized light (5.12). 


e An optically active solution contains a chiral compound. 

ө An optically inactive solution contains one of the following: 
e ап achiral compound with no stereogenic centers. 
e ameso compound—an achiral compound with two or more stereogenic centers. 
e aracemic mixture—an equal amount of two enantiomers. 


The prefixes R and S compared with d and / 


The prefixes К and S are labels used in nomenclature. Rules on assigning R,S are found in Section 5.6. 
e Ап enantiomer has every stereogenic center opposite in configuration. 
e А diastereomer of this same compound has one stereogenic center with the same configuration 
and one that is opposite. 
The prefixes d (or +) and ! (or —) tell the direction a compound rotates plane-polarized light (5.12). 
e d(or +) stands for dextrorotatory, rotating polarized light clockwise. 
e / (ог –) stands for levorotatory, rotating polarized light counterclockwise. 


The physical properties of isomers compared (5.12) 


Type of isomer Physical properties 
Constitutional isomers Different 
Enantiomers Identical except the direction of rotation of polarized light 
Diastereomers Different 
Racemic mixture Possibly different from either enantiomer 


Equations 


e Specific rotation (5.120): 


а = observed rotation (% 


specific 2. [o] 


rotation = І = length of sample tube (dm) 


ix с = concentration (g/mL) 


e Enantiomeric excess (5.12D): 


= %of one enantiomer - % of other enantiomer 


[a] mixture 


x 100% 


[a] pure enantiomer 


Practice Test on Chapter Review 


Stereochemistry 5-3 


dm = decimeter 
1dm=10 cm 


1.a. Which of the following statements 15 true for compounds А-В below? 


SAY 


Statements (1) and (2) are both true. 
Statements (1), (2), and (3) are all true. 


Gv et 


A and B are separable by physical methods such as distillation. 
A and C are separable by physical methods such as distillation. 
A and D are separable by physical methods such as distillation. 


b. Which of the following statements is true about compounds А-С below? 


noe Cl. CH)CHs | 
C 
C. 3 "C 
КАКАО! l- Br 
CH3 Br cH, Br at CH CH3 
A B с 


А and B аге enantiomers. 

A and C are enantiomers. 

An equal mixture of B and C is optically active. 
Statements (1) and (2) are true. 

Statements (1), (2), and (3) are all true. 


uL paa сар 
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с. Which compound is a diastereomer of А? 


аса ы CH3 
CH; ENS СТ. pos 


А в с D 
1. Bonly 

2. Conly 

3. Donly 

4. Both B and C 

5. Compounds B, C, and D 


2. Rank the following four groups around a stereogenic center in order of decreasing priority. Rank the 


highest priority group as 1, the lowest priority group as 4, and the two groups of intermediate priority 
as 2 and 3. 


— CHCl — CH3CHBr — COOH — CH30H 
A B с D 
3. Label each stereogenic center in the following compound as R or S. 
a. 
NT b. 
СІ |н 


СІ HN 


4. State how the compounds іп each pair аге related to each other. Choose from constitutional isomers, 
enantiomers, diastereomers, or identical compounds. 


CHO H 
H OH H CH20H 
a. pees and 
HO H OHC OH 
СН>ОН OH 


5. The enantiomeric excess of a mixture of A and B is 6296 with A in excess. How much of A and B are 
present in the mixture? 
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Answers to Practice Test 


1.а.1 2. А-1 3.a. 5 4. a. diastereomers 5. 8176 A 
b.2 B-4 b. 5 b. enantiomers 19% B 
с.3 C-2 c. identical 

D-3 


Answers to Problems 


5.1 Cellulose consists of long chains held together by intermolecular hydrogen bonds forming sheets 
that stack in extensive three-dimensional arrays. Most of the OH groups in cellulose are in the 
interior of this three-dimensional network, unavailable for hydrogen bonding to water. Thus, even 
though cellulose has many OH groups, its three-dimensional structure prevents many of the OH 
groups from hydrogen bonding with the solvent and this makes it water insoluble. 


5.2 Constitutional isomers have atoms bonded to different atoms. 
Stereoisomers differ only in the three-dimensional arrangement of atoms. 


a. and PN PM and 


2,3-dimethylpentane 2,4-dimethylpentane 


” 
fy 


different connectivity of atoms 
different connectivity of atoms constitutional isomers 
different names 
constitutional isomers 


r-o 
b. EN and [5— oH d. and 
four-membered ring three-membered ring й 


trans isomer cis isomer 
different connectivity of atoms 


constitutional isomers Both are 1,2-dimethylcyclobutane, 


but the CH3 groups are oriented differently. 
stereoisomers 


5.3 Draw the mirror image of each molecule by drawing a mirror plane and then drawing the 
molecule’s reflection. A chiral molecule is one that is not superimposable on its mirror image. 


A molecule with one stereogenic center is always chiral. A molecule with zero stereogenic centers 
is not chiral (in general). 


СІ СІ, Вг Вг 
Вг Вг Cl H 
identical _ | 


achiral molecule nonsuperimposable mirror images 


Tas 
Q 


stereogenic center 


chiral molecules 
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evar 22 VAN d d. 


E _ | 


identical stereogenic center 


achiral molecule 


nonsuperimposable mirror images 


chiral molecules 


5.4 A plane of symmetry cuts the molecule into two identical halves. 


2 H's are behind 
one another. 


"n На 
а b » 
сњ“ Госњ с H 
one possible 
plane of symmetry | 
plane of symmetry plane of symmetry 
5.5 Rotate around a C-C bond to draw an eclipsed conformation. 
CH3 H H 1 б 
N ХАН! Bra c ХАН! 
= C rotate С C rotate 
Bret А LE ATA b. ae 
CH3 CH3 CH3 2 
C2 C3 | ӨН 


plane of symmetry 


| 


| 


plane of symmetry 


OH 


plane of symmetry 


5.6 To locate a stereogenic center, omit all C's with two or more H's, all sp and sp’ hybridized atoms, 
and all heteroatoms. [In Chapter 23, we will learn that the N atoms of ammonium salts (ЕМ X) 
can sometimes be stereogenic centers.] Then evaluate any remaining atoms. A tetrahedral 


stereogenic center has a carbon bonded to four different groups. 


OH 
а Ме 
а | А m O е 
о 
Б. bw d. ; : f 
OH 
OH НЕ 


* = stereogenic center 
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5.7 Use the directions from Answer 5.6 to locate the stereogenic centers. 


өзі о NH2 
H 
FN " а 
CH30 О A о 

Байы 4 C's bonded to 4 

КЫЗМ different groups 
CH30 4 stereogenic centers 

aliskiren 


5.8 To draw the enantiomer, change the position of groups on the wedges and dashed wedges. 


Се НМ 5 
R 2 ELI но“ ^o = PS 


О 


С! 


5.9 Find the C bonded to four different groups in each molecule. At the stereogenic center, draw two 
bonds in the plane of the page, one in front (on a wedge), and one behind (on a dashed wedge). 
Then draw the mirror image (enantiomer). 


Stereogenic center | 
stereogenic center 


| stereogenic center 
син на | | o О 
а. = ^ b. ; У с. 5 5 
p nh ж o Sn д = a | он HO ~ ~ 
HO H H OH С 3 


| | | | HN HY | H NH; 
mirror images mirror images 


nonsuperimposable nonsuperimposable 
enantiomers enantiomers 


mirror images 
nonsuperimposable 
enantiomers 


5.10 Use the directions from Answer 5.6 to locate the stereogenic centers. 


C bonded to 3 C's bonded to 4 
а” Н and 3 different C's: 4 C's bonded to 4 е. different groups: 
1 stereogenic center different groups: \ 3 stereogenic centers 


4 stereogenic centers | 


О ' 
el Each labeled C JL 3 C's bonded to 4 
M is bonded to: Ki COH different groups: 
b. P 2 H, CI, СН», СНСІ: H + 3 stereogenic centers 
či 2 stereogenic centers 
C bonded to OCH3 


H, 2 different O's and 1 C: 
1 stereogenic center 


Chapter 5-8 
5.11 
О 
он 
а. b. ^X^ 
[9] 
О 
НО cholesterol simvastatin 
АІ stereogenic C's are circled. Each C is sp? 
hybridized and bonded to 4 different groups. 
5.12 


Five stereogenic centers are circled. enantiomer 


5.13 Assign priority based on atomic number: atoms with a higher atomic number get a higher priority. 
If two atoms are the same, look at what they are bonded to and assign priority based on the atomic 
number of these atoms. 


а. —CH3, -CH3CHs c. un e. -CH3CH5CIl, -CH3CH(CH3) 
| \ 
higher priority Hoher Io higher priority 
H H 
b. -I -Br d. -CH3Br, -CH2CH2Br f -CH2OH, -CHO = EEE = 
SR ЖӘН ! óc 
higher priority higher priority 2Н5,10 20's 1H 2 C-O bonds 


C bonded to 2 O's has 
higher priority. 
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5.14 Rank Бу decreasing priority. Lower atomic number = lower priority. 


Highest priority - 1, Lowest priority - 4 


riori priority 
a. -COOH C = second lowest i 3 У c. —CH2CH3 C bonded to 2 H's * 1C 2 
atomic number 2 
-H H = lowest atomic number 4 -CHs C bonded to 3 H's 3 
-NH2 N = second highest 2 -Н Н = lowest atomic number 4 
atomic number 
-ОН O - highest atomic number 1 -CH(CH3)? C bonded to 1H + 2 C's 1 
decreasing priority: COH, -NH2, -COOH, -H decreasing priority: -CH(CH3)2, -CH2CH3, —CH3, -H 
priority d. -CH-CH; C bonded to 1H +2 C's с 
b. -H Н = lowest atomic number 4 i 
-Снз C bonded to 3 H's 3 —СНз C bonded to 3 H's 3 
-СІ CI = highest atomic number 1 -CECH C bonded to 3 C's 1 
-CHCI С bonded to 2 H's + 1С! 2 -Н Н = lowest atomic number 4 
decreasing priority: -СІ, -СНӘСІ, -СНз, -H decreasing priority: — C= CH, -СН=СН», -СНз, -H 
5.15 
1 
а pst 0: b. E с 
2 3 S Br 


5.16 To assign К or 5 to the molecule, first rank the groups. The lowest priority group must be oriented 
behind the page. If tracing a circle from (1) — (2) — (3) proceeds in the clockwise direction, then 
the stereogenic center is labeled R; if the circle is counterclockwise, then it is labeled S. 


lowest priority forward 


lowest priority forward 


clockwise d 
; clockwise 
It looks like R, but reverse answer. It looks like R, but reverse answer. 
R—S R—S 
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5.17 
сњо. „О а 
с! снзоос H Cl 
OO a 
6 5 
clopidogrel | counterclockwise 

clockwise S isomer 
R isomer Plavix 


5.18 а, b. Re-draw lisinopril as a skeletal structure, locate the stereogenic centers, and assign R,S. 


NH2 


three stereogenic centers 
All have the S configuration. 


5.19 The maximum number of stereoisomers = 2”, where n = the number of stereogenic centers. 


a. 3 stereogenic centers b. 8 stereogenic centers 
23-8 stereoisomers 28 = 256 stereoisomers 
5.20 
Br CI 
a. b. 
2 stereogenic centers = 4 possible stereoisomers 
H Cl H Br Br H CI H 
A B 
на Br H H Br CI H 
с р 
5.21 
Вг Вг 
— ““ 5 — > 
AR rotate В" ов rotate В" 
Вг Вг Вг Вг 
Е same as С F sameasA 
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5.22 
OH CI 
a. Ses b. ES 
OH OH 
2 stereogenic centers - 4 possible stereoisomers 2 stereogenic centers - 4 possible stereoisomers 


identical 


C is a meso compound. 


Pairs of enantiomers: A and B, C and D. 
A and B are enantiomers. Pairs of diastereomers: A and C, A and D, 
Pairs of diastereomers: A and C, B and C. B and C, B and D. 


5.23 А meso compound must have at least two stereogenic centers. Usually a meso compound 
has a plane of symmetry. You may have to rotate around a C-C bond to see the plane of 
symmetry clearly. 


ОН Hs Br H Bde, H 
: ^ rotate 22 4: 
а. b ММ с : = У | 
Он Br H 
2 stereogenic centers 
2 stereogenic centers 2 stereogenic centers plane of symmetry 
plane of symmetry no plane of symmetry meso compound 
meso compound not a meso compound 


5.24 Use the definition in Answer 5.23 to draw the meso compounds. 


NH 
b. ii: da c МУН 2 


HN 4414 мн, 


plane of symmetry plane of symmetry plane of symmetry 
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5.25 The enantiomer has the exact opposite R,S designations. Diastereomers with two stereogenic 
centers have one center the same and one different. 


If a compound is R,S: 


Its enantiomer is: 5,2 Exact opposite: R and S interchanged. 


One designation remains the same; 
the other changes. 


Its diastereomers аге: R,R and 5,5 


5.26 Тһе enantiomer has the exact opposite R,S designations. For diastereomers, at least one of the R,S 
designations is the same, but not all of them. 


a. (2R,3S)-hexane-2,3-diol and (2R,3R)-hexane-2,3-diol 
One changes; one remains the same: 
diastereomers 
b. (2R,3R)-hexane-2,3-diol and (2S,3S)-hexane-2,3-diol 
Both R's change to S's: 
enantiomers 


с. (2R,3S,4R)-hexane-2,3,4-triol and (2S,3R,4R)-hexane-2,3,4-triol 


Two change; one remains the same: 
diastereomers 


5.27 The enantiomer must have the exact opposite R,S designations. For diastereomers, at least one of 
the R,S designations is the same, but not all of them. 


a. HO Н НО H b. HO H HO H с. 
вх он RASA он 
HO Жол HO о R XÇ $ 
H OH HO H H OH H OH 
sorbitol A B 
One changes; three remain the same. All stereogenic centers change. 


diastereomer enantiomer 


5.28 Meso compounds generally have a plane of symmetry. They cannot have just one stereogenic 


center. 
CI 
a. CT b. с. СІ 
5% | он 
no plane of symmetry plane of symmetry no plane of symmetry 
not a meso compound meso compound not a meso compound 
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5.29 
СІ 
~—— 2 Ѕіегеодепіс centers = 
а. ----  4stereoisomers maximum с. 
СІ 
Draw the cis and trans isomers: Draw the cis and trans isomers: 
СІ СІ 
сі5 
AN P с! СІ 
identical A p | | 4“ 
identical 
CI CI 
trans | 
э» К 
B с T “сі 
Cn 
B Теа m 
Pair of enantiomers: B and C. identical 


Pairs of diastereomers: A and B, A and C. 


Pair of diastereomers: A and B. 


Only 3 stereoisomers exist. 


HO FE 2 stereogenic centers - 


| | 4 stereoisomers maximum 


Only 2 stereoisomers exist. 


Draw the cis and trans isomers: 


cis 


md us ла n + а. ла 


А B с D 


Pairs of enantiomers: A and B, C and D. А М 
Pairs of diastereomers: А and C, А and D, АП 4 stereoisomers exist. 
B and C, B and D. 


5.30 Four facts: 
e Enantiomers are mirror image isomers. 
e Diastereomers are stereoisomers that are not mirror images. 


e Constitutional isomers have the same molecular formula but the atoms are bonded to different 
atoms. 


e Cis and trans isomers are always diastereomers. 


OX" DX + OX = Ox 


5 НО 5 
same molecular formula same molecular formula, 
same R,S designation: opposite configuration at one 
identical stereogenic center 


enantiomers 
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©. но jos апа Е а. {у апа (vor 
HO HO 


HO 
trans cis 
1,4- isomer 1,3-isomer 
Both 1,3 isomers, 
cis and trans: 
diastereomers 


constitutional isomers 


5.31 
Я а. Мр = same as the S isomer. 
b. The mp of a racemic mixture is often different from the melting 
OH point of the enantiomers. 
NH2 c. —8.5, same as 5 but opposite sign 
(S-alanine d. Zero. A racemic mixture is optically inactive. 
[ој = +8.5 e. Solution of pure (S)-alanine: optically active 
mp = 297 °C Equal mixture of (R)- and (S)-alanine: optically inactive 
75% (S) — and 25% (R)-alanine: optically active 
5.32 
à а. = observed rotation 10% 
[0] = 0-5: 1 = length of tube (dm) [0] = | — —— = 4100 = specific rotation 
іхс 1dm х(19/10 mL) 


с = concentration (g/mL) 


5.33 Enantiomeric excess - ee — % of one enantiomer - % of other enantiomer. 


a. 9596 — 5% = 90% ee b. 8596 — 1596 = 70% ee 
5.34 
a. 90% ee means 90% excess of А and 10% racemic mixture of A and В (5% each); therefore, 
95% A and 5% B. 
b. 99% ee means 99% excess of А and 1% racemic mixture of A and B (0.5% each); therefore, 
99.5% A and 0.5% B. 
c. 60% ee means 60% excess of А and 4096 racemic mixture of А and B (20% each); therefore, 
80% A and 20% B. 
5.35 
4, 4009. = 42% ee 
[a] mixture +24 
х 100% : 
[0] pure enantiomer b. [a] solution x 100% = 80% ee 
+24 


[a] solution = +19.2 


5.36 


[0] mixture 


x 100% = 60% ee b. % one enantiomer — % other enantiomer - ee 
+3.8 80% — 2096 = 60% ee 

[o] mixture = +2.3 80% dextrorotatory (*) enantiomer 

20% levorotatory (-) enantiomer 
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5.37 e Enantiomers have the same physical properties (mp, bp, solubility), and rotate the plane of 
polarized light to an equal extent, but in opposite directions. 
e Diastereomers have different physical properties. 
e A racemic mixture is optically inactive. 


trans isomers cis isomer 
A . B с 
^  enantiomers A 


| | 
A and В are diastereomers of С. 
a. The bp's of A and B are the same. The bp's of A and C are different. 
b. Pure A: optically active 
Pure B: optically active 
Pure C: optically inactive 
Equal mixture of A and B: optically inactive 
Equal mixture of А and C: optically active 
c. There would be two fractions: one containing A and B (optically inactive), and one containing € 
(optically inactive). 


5.38 
О О 
Бе! O 

3 H 2 283 

R isomer S isomer 

celery ketone licorice 
5.39 

a, b. 


three stereogenic centers 
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5.40 
5 5 
сн / Нењон сн; / сің 
N М \ z . . . 
Mo R Moo в а. А and B, same А,5 assignment, identical 
4 ЗЫ ne “Зенон b. А and С, opposite R,S assignment, enantiomers 
A identical B c. A and D, one stereogenic center different, 
A Р diastereomers 
7 т / Т d. C and D, one stereogenic center different, 
CH } сн | : 
VE TE A diastereomers 
„C—C 5 „C—C R 
с, \ с, \ 
H сн;он H СІ 
с D 


5.41 Use the definitions from Answer 5.2. 


СНз 
а. Cr and La 
278 
Н 


опе up, one down 
trans 
Both compounds are 
1,2-dimethylcyclohexane. 
one cis, one trans - stereoisomers 


same molecular formula СуН1д 
different connectivity 
constitutional isomers 


both up 
cis 


5.42 Use the definitions from Answer 5.3. 


identical 


achiral 


chiral 


H H5 


same molecular formula СНО 
different connectivity 
constitutional isomers 


н н 
OH H 


СоНвО СаНао 


different molecular formula 
not isomers 


identical 
achiral 
OH OH 
d H H 
у OH HO 
О он он о 
chiral 
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5.43 


m H OH н. „О 
E H H Wu 
H H = 
x^ a. ~ b. ad ©: Nd 
О 
$ 


н Он О он 
R S 
R isomer enantiomer identical enantiomer 


5.44 A plane of symmetry cuts the molecule into two identical halves. 


CI CI 
a. - b. у а. d 
с! СІ “” 
no plane of symmetry 
no plane of symmetry 
CI 
CI 
c. 
plane of symmetry The plane of symmetry 


bisects the molecule. 


5.45 Use the directions from Answer 5.6 to locate the stereogenic centers. 


О “к 

|| L| ЈЕ | ба 
mi. Ме 
: ^U ER 


5.46 Stereogenic centers are circled. 


NH; H OH . 
| == 
а. N S b. 6; 
[9] pid 
HO о 
О О 
НО | 
amoxicillin norethindrone 


heroin 
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5.47 


а. p = 


amphetamine 


О P О H H О 
О ч О о. 2 
b. 
OH OH OH 


ketoprofen 


5.48 Assign priority based on the rules in Answer 5.13. 


а. —СОз, -CH3 с. -СН-СІ, -СН-СН-СН-Вг 
D higher mass than H C bonded to CI 
higher priority higher priority 
b. -CH(CH3)2, -CH20H d. -CH2NH5, -МНСН; 
C bonded to O higher atomic number 
higher priority higher priority 


5.49 Assign priority based on the rules in Answer 5.13. 


а. —F > -OH > -NH2 > —CH3 d. –СООН > -CHO > —CH20H > -H 
b. —(CH3)3CH3 > -CH2CH2CH3 > -СН>СНз > —CH3 е. -СІ>-5Н>-ОН>-СН; 
с. -МН; >-СН-МНСНҙ > -CH2NH; > —CH3 Е -СЕСН > —СН=СН> > —CH(CH3)2 > -CH2CHs3 


5.50 Use the rules in Answer 5.16 to assign R or S to each stereogenic center. 


2 
CI 
Y b 
ко E. c вч e. SH 9. 
3 I А Н is 


2 
counterclockwise It looks like an S isomer, but we | 
S isomer must reverse the answer, S to R. 5 
R isomer 
1 
NH 
б о H2N H 
b 3 TIE d. | " h. НМ!" Ма 
2 
H > HO AA s 
clockwise, but H in front HO _ 5 
S isomer 


5.51 
СНз CHO 
H Br HO H 
E ck 
HO CH=CH> H OH 
CH2CH3 CH2CH2Br 
re-draw re-draw 
Y Y 
R OH 
H Br ДАН ene 
F e 
7 T | | OH 
но = Вг 55 
5.52 
5 
4 HO.2 
Z= H 
3 | "E 
5 | 3 
Ма H 
2^ он 5 
5.53 


a. (R)-3-methylhexane 


с. (3R,5S,6R)-5-ethyl-3,6-dimethylnonane 


b. (4R,5S)-4,5-diethyloctane 


5.54 


(S)-3-methylhexane (4R,6R)-4-ethyl-6-methyldecane 
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(3R,5S,6R)-5-isobutyl-3,6-dimethylnonane 
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6 stereogenic centers 


5.55 
5.56 
| OH 
i "ne 
OH 
2 stereogenic centers 
2? - 4 possible stereoisomers 
5.57 
ados © NO 
NHCH3 
C2 
ephedrine 
págzs 9l Ca 
C2 
pseudoephedrine 
c. Ephedrine and pseudoephedrine 
are diastereomers. One stereogenic 
center is the same; one is different. 
5.58 


OH OH 


A B 


Pair of enantiomers: A and B. 
Pairs of diastereomers: A апа C, B and С. 


OH 
О 
с НО / \ Ө 
0 stereogenic centers HO | OH 


4 stereogenic centers 
24-16 possible stereoisomers 


e. 
О << enantiomer of (-)-ephedrine 
S c 


diastereomer of (-)-ephedrine 


| identical | 
meso compound 
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Б. 


Pairs of enantiomers: А and B, C and D. 
Pairs of diastereomers: A and C, A and D, B and C, B and D. 


с. 
А B С 
\ identical | 
тезо сотроипа 
Pair of enantiomers: В and С. 
Pairs of diastereomers: A and B, A and C. 
d. AN ^n, 
А в 
} identical 4 A identical | 


Pair of diastereomers: A апа В. 
Meso compounds: A and B. 


S 
S S 


5.59 
| achiral 


2 
chiral achiral 


achiral chiral 


achiral 


5.60 


S 
Ns Ey 
нам H | enantiomers 
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5.61 


|i on 


OH сз 


p-erythrose 2S,3R 
2R,3R diastereomer 


О он 
с. H rar eS 
OH 
2R,3R 25,35 
identical enantiomer 


5.62 Re-draw each Newman projection and determine the R,S configuration. Then determine how the 


molecules are related. 


CHO CHO 
H OH H OH 
OH CH20H 
A B 
| re-draw re-draw 
OHC H OHC OH 
) c CH20H za Н 
H Wy H “ 
HO OH HO СНОН 
R,R RR 


a. A and B are identical. 
b. Aand C are enantiomers. 


5.63 
trans == 
cis 


NH2 
A B 
A (trans, R) and B (cis, R) are diastereomers. 
A (trans, R) and C (trans, R) are identical molecules. 


A (trans, R) and D (trans, S) are enantiomers. 
A (trans, R) and E are constitutional isomers. 


5.64 


OH N 
ез ( үзе он 
А в 


identical 


p pu 


CHO CHO 
H OH H СН>ОН 
CH3OH OH 
С D 
| re-draw re-draw 
OHC H OHC H 
\ Sa ОН \ Ха СНОН 
но", но“; 
H CH2OH H OH 
5,5 5,Р 


с.Аапа D are diastereomers. 
d. C and D are diastereomers. 


ата” 


trans 


NH2 


D E 
МН» group is in a 
different location. 


OH 


с 


bonded to different С enantiomers 
constitutional isomers 
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5.65 
| | 
а. CX and (ШЕ а. С: апа с 
МИ Br ИВ 
М? H hd 
enantiomers ; 
enantiomers 
О Вг 
Н 
) ( апа 
Б. е. ~, “2 
"uno D 5 Y^ 
H r 
НО | | он € pr 
; 2S,3S 
; : ‚ 2R.3R identical 
one different configuration 
diastereomers 
H OH 
2 C wel f. and 
| апа | HO OH HO H 
mirror images H H 
not superimposable 14-trans 1,4-cis 
enantiomers ; : 
diastereomers 
5.66 
р 
А в с D 
а. А chiral compound is optically active. A, B, and С are optically active. 
b. Constitutional isomers and diastereomers have different physical properties. A and C are 
enantiomers, so they have the same boiling point. There would be three fractions: A and C, 
B, and D. 
c. Only the fraction with B is optically active. 
5.67 


a. A and B are constitutional isomers. 
A and C are constitutional isomers. 
B and C are diastereomers (cis and trans). 
€ and D are enantiomers. 


plane of symmetry 


^n, RS 
^an у 


А B с D 
ends іы achiral chiral ШЕ 
асһіга! 


mirror images and not 
superimposable 
enantiomers 
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ено 


Alone, С and D would Бе optically active. 
A and B have a plane of symmetry. 


e. A and B have different boiling points. 
B and С have different boiling points. 
C and D have the same boiling point. 


f. Bisa meso compound. 


An equal mixture of C and D is optically inactive because it is a racemic mixture. 
An equal mixture of B and С would be optically active. 


Q 


enantiomer 


5.68 
Ж 
N 
CH30 
a. 
- x 100% - 3096 ee 
-165 
-83 . x 100% = 50% ee 
-165 
-120 
x 100% = 73% ее 
-165 
c. [0] = +165 
d. 80% — 20% = 6096 ee 
5.69 
о а 
i Pek e 
HS - N 


[a] mixture 


x 100% 


[a] pure enantiomer 


quinine - A 
quinine's enantiomer = B 


b. 3096 ee = 30% excess one compound (А) 


remaining 70% = mixture of 2 compounds (35% each A and B) 
Amount of A = 30 + 35 = 65% 
Amount of B = 35% 


50% ee = 50% excess one compound (А) 

remaining 50% - mixture of 2 compounds (25% each A апа B) 
Amount of A = 50 + 25 = 75% 

Amount of B = 25% 


73% ee - 73% excess of one compound (A) 

remaining 27% = mixture of 2 compounds (13.5% each A and B) 
Amount of A = 73 + 13.5 = 86.5% 

Amount of B = 13.5% 


[a] mixture 
60% - —— — — x100% 
-165 


[a] mixture = -99 


c. One equivalent of base removes the 
most acidic proton to form: о о 


o Xx 
sew | 


d. With two equivalents of base, the two most 
acidic protons are removed to form: 


~ 


еи? 
М 


7 stereogenic centers circled 
b. maximum number of stereoisomers - 27 - 128 isomers 


c. To draw the enantiomer, change all wedges to dashed 


wedges and vice versa: 


5.71 


a. Each stereogenic center is circled 


saquinavir 
Trade name Invirase 


b. enantiomer 


Stereochemistry 5—25 


d. To draw a diastereomer, change the orientation of groups 
at only one stereogenic center : 


e. ее =75% — 25% = 50% ee 
[a] solution 
ее = х 100% 
[а] pure 
5096 - x 100% 
+415 
[a] = * 20.8 
[0] solution * 10.5 
f. ее = x 100% - x 100% - 25.396 ee 
[a] pure +41.5 


с. diastereomer 


d. constitutional isomer 


2 МН -—— new amine 
H 


new aldehyde 
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5.72 Allenes contain ап sp hybridized carbon atom doubly bonded to two other carbons. This makes the 
double bonds of an allene perpendicular to each other. When each end of the allene has two like 
substituents, the allene contains two planes of symmetry and it is achiral. When each end of the 
allene has two different groups, the allene has no plane of symmetry and it becomes chiral. 


CH3 
ое. HCEC-C8C4CH-C-CH4CH-CH-CH- CHCH;CO;H 
н” N 
B H allene mycomycin 
no plane of symmetry re-draw 
chiral 
НСЕС-С=С „CH= CH - CH = CHCH2CO2H 
Ж 
These two substituents are at 90° to these two substituents. Кое С= се 
АПепе A contains two planes of symmetry, H m 


making it achiral. қ | А 
The substituents on each end of the аһепе in mycomycin аге 
different. Therefore, mycomycin is chiral. 


5.73 


OH discodermolide 


a. The 13 tetrahedral stereogenic centers are circled. 
b. Because there is restricted rotation around a C-C double bond, groups on the end of the double 
bond cannot interconvert. Whenever the substituents on each end of the double bond are 


different from each other, the double bond is a stereogenic site. Thus, the following two double 
bonds are isomers: 


R R R H 
У / \ / 
с=с = с=с 

H H H R 


These compounds are isomers. 


There are three stereogenic sites due to the double bonds in discodermolide, labeled with 
arrows. 


c. The maximum number of stereoisomers for discodermolide must include the 13 tetrahedral 
stereogenic centers and the three double bonds. 
Maximum number of stereoisomers = 2" = 65,536. 


5.74 When the spiro compound has a plane of symmetry, it is achiral. 


ШТА ^i 


22"... т 


achiral chiral achiral chiral 
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5.75 


racemic mixture of 
2-phenylpropanoic acid salts formed by proton transfer 


| сон ту 
NH 


2 


(R)-sec-butylamine 


enantiomers 


со›н ааа 
Hw = 
R * D 46” = 


(R)-sec-butylamine 


These salts are diastereomers, and they are now separable 
by physical methods because they have different physical 


properties. 
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Chapter 6: Understanding Organic Reactions 


Chapter Review 


Writing organic reactions (6.1) 


e Use curved arrows to show the movement of electrons. Half-headed arrows аге used for single 
electrons and full-headed arrows are used for electron pairs. 


zu —— p + -zZ zt -- ШЕ ко 22 


half-headed arrows full-headed arrow 


e Reagents can be drawn either on the left side of an equation or over an arrow. Catalysts are drawn 
over or under an arrow. 


Types of reactions (6.2) 


[1] Substitution 2 Y 


254 «= шы дё 


2 = Нога heteroatom 


[2] Elimination 
p= + reagent к==р У Я Х-Ү 


X Y 
Two o bonds are broken. A x bond is formed. 
[3] Addition 
"E TTE 
X Y 
A x bond is broken. Two o bonds are formed. 
Important trends 
Values compared Trend 
Bond dissociation The higher the bond dissociation energy, the stronger the bond 
energy and bond (6.4). 
strength Increasing size of the halogen 
С 
CH3—F CH3—Cl CH3—Br CH3—I 
AH? = 456 kJ/mol 351 kJ/mol 293 kJ/mol 234 kJ/mol 


а 
Increasing bond strength 
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E, and reaction rate 


Energy 


The larger the energy of activation, the slower the reaction (6.9A). 


larger E, — slower reaction 


Reaction coordinate 


У slower reaction 


faster reaction 


Е and rate constant 


(6.9B). 


The higher the energy of activation, the smaller the rate constant 


Equilibrium always favors the species /ower in energy. | 


Ғгее епегду 


69 reactants 


69 products S 


AG? > 0 Keg <1 


more stable reactants 


Equilibrium favors the starting materials. | 


Reactive intermediates (6.3) 


G? reactants 


AG? «0 


Keq > 1 


Free energy 


69 products — ——| more stable products 


Breaking bonds generates reactive intermediates. 
Homolysis generates radicals with unpaired electrons. 


Heterolysis generates ions. 


Reactive 
intermediate 
radical 


carbocation 


carbanion 


General structure 


Reactive feature 


unpaired electron 


positive charge; 
only six electrons around C 


net negative charge; 
lone electron pair on C 


Equilibrium favors the products. | 


Reactivity 


electrophilic 


electrophilic 


nucleophilic 
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Energy diagrams (6.7, 6.8) 


transition state 


| Еа determines the rate. 


Energy 


АН? is the difference in bonding energy 
between the reactants and products. 


products 


Reaction coordinate 


Conditions favoring product formation (6.5, 6.6) 


Variable Value Meaning 
K K,,>1 |More product than starting material is present at equilibrium. 


AG? AG? « 0 | The energy of the products is lower than the energy of the reactants. 
AH? AH? « 0 | The bonds in the products are stronger than the bonds in the reactants. 


AS? AS? > 0 | The product is more disordered than the reactant. 


Equations (6.5, 6.6) 


AG? = –2.30367 log Keq 
AG? = AH? - TAS? 


| | н} N 


Кеа depends on the energy difference А Е 
between reactants and products. free energy change n change n 
change bonding energy| | disorder 
R - 8.314 J/(K«mol), the gas constant = ; 
T - Kelvin temperature (K) | кемп тетрегашгедк) | 
Factors affecting reaction rate (6.9) 
Factor Effect 
energy of activation higher E, — slower reaction 
concentration higher concentration — faster reaction 
temperature higher temperature — faster reaction 
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Practice Test on Chapter Review 


1. Label each statement as TRUE (T) or FALSE (F) for a reaction with K,, = 0.5 and E, = 18 kJ/mol. 
Ignore entropy considerations. 


a. The reaction is faster than a reaction with K,, = 8 and E, = 18 kJ/mol. 
b. The reaction is faster than a reaction with К, = 0.5 and E, = 12 kJ/mol. 
с. AG? for the reaction is a positive value. 


d. The starting materials are lower in energy than the products of the reaction. 
e. The reaction is exothermic. 


2.a. Which of the following statements is true about an endothermic reaction, ignoring entropy 
considerations? 


The bonds in the products are stronger than the bonds in the starting materials. 
К. « 1. 


A catalyst speeds up the rate of the reaction and gives a larger amount of product. 
Statements (1) and (2) are both true. 


Statements (1), (2), and (3) are all true. 


Codes че 


b. Which of the following statements is true about a reaction with К, = 10° and E, = 2.5 kJ/mol? 
Ignore entropy considerations. 


The reaction is faster than a reaction with Е = 4 kJ/mol. 

The starting materials are higher in energy than the products of the reaction. 
AG? is positive. 

Statements (1) and (2) are both true. 

Statements (1), (2), and (3) are all true. 


МА Бә га 


3.a. Draw the transition state for the following reaction. 


pu + H20 p" ca H30* 


b. Draw the transition state for the following one-step elimination reaction. 


Ұ““Сы сон -- Мм + сн + в 


Answers to Practice Test 


l.a. Е 2. 024 3.a 
b.F b.4 
c.T 
d.T 
e.F 


Answers to Problems 
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b. 
t Be es t 
Nx Br: ò- 
H | p 
| / Eus 
Hosen "OCHs 
H ò- 


6.1 [1] In a substitution reaction, one group replaces another. 


[2] In an elimination reaction, elements of the starting material are lost and а т bond is formed. 
[3] In an addition reaction, elements are added to the starting material. 


~ 


Br replaces ОН = 
substitution reaction 


Bu № 


—— 


addition of 2 H's 
addition reaction 


CI replaces Н- 
substitution reaction 


О О 


л bond formed 


elements lost 
OH (н+он) 


elimination reaction 


6.2 The elements of СІ and OH are added to ат bond, so the reaction is an addition. 
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6.3 Heterolysis means one atom gets both of the electrons when a bond is broken. А carbocation is а 
C with a positive charge, whereas a carbanion is a C with a negative charge. 


heterolysis heterolysis 


а buds d b. = с. А 
S heterolysis | 


Electrons go to the more 


Electrons go to the more 
electronegative atom, O. 


Electrons go to the more 
electronegative atom, Br. electronegative atom, C. 


NL Чы Мы, 


ir + 
um Ж Li 
* Он + :Br Ки 
.. 5 сагБапіоп 
carbocation 


carbocation 


6.4 Use full-headed arrows to show the movement of electron pairs. 


и“ >’ 


:Вг: 
+ 
а. 


қойға cg :В: MT 


b. ЕК 
| + :OH 
:O > : 


6.5 
NP HO: ан 


+ HO " 
a. Uu 


.: о: :0: о: 
CP 
she + x e a o^ 
b. 
:0 оќ :0 o^ 


6.6 Increasing number of electrons between atoms - increasing bond strength — increasing bond 
dissociation energy — decreasing bond length. 


Increasing size of an atom = increasing bond length = decreasing bond strength. 


Ор Ово d 
а. ог b. ж ог = 


Я S is larger than О. 
, higher bond longer, higher bond 
dissociation energy 


single bond 
weaker bond dissociation energy 


fewer electrons 


6.7 To determine АН? for a reaction: 


[1] Add the bond dissociation energies for all bonds broken in the equation (4- values). 


[2] Add the bond dissociation energies for all of the bonds formed in the equation (- values). 
[3] Add the energies together to get the AH? for the reaction. 


A positive AH? means the reaction is endothermic. A negative AH? means the reaction is 
exothermic. 


а. CH3CH2—Br + ЊО ---- (СН3СН 
[1] Bonds broken 
АН? (kJ/mol) 
СНзСН> — Br %285 
Н-ОН % 498 
Total *783 kJ/mol 
b. CH4 + Clo — —- сна + НСІ 
[1] Bonds broken 
AHP (kJ/mol) 
CH3—H +435 
СІ-СІ * 242 
Total *677 kJ/mol 
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2- ОН + HBr 
[2] Bonds formed [3] Overall AH? - 
AHP (kJ/mol) sum in Step [1] 
+ 
ыма UM TS sum in Step [2] 
H—Br - 368 
+ 783 kJ/mol 
Total — 761 kJ/mol 
– 761 kJ/mol 
ANSWER: +22 kJ/mol 
endothermic 
[2] Bonds formed [3] Overall AH? = 
AHP (kJ/mol) sum in Step [1] 
* 
Chamel reel sum in Step [2] 
H-CI -431 
*677 kJ/mol 
Total —782 kJ/mol 
— 782 kJ/mol 
ANSWER: —105 kJ/mol 
exothermic 


6.8 Use the directions from Answer 6.7. In determining the number of bonds broken or formed, you 
must take into account the coefficients needed to balance an equation. 


a. СН + 20; СО: + 2 ЊО 
[1] Bonds broken [2] Bonds formed 
AHP (kJ/mol) АН? (kJ/mol) 
CH3—H  *435x4- * 1740 ОС-О -535x2- 1070 
О-о %497х2- % 994 НО-Н -498х4--1992 
Total * 2734 kJ/mol Total — 3062 kJ/mol 
b. 2 СНзСНз + 705 EL 4СО› + 6H20 
[1] Bonds broken [2] Bonds formed 
АН? (kJ/mol) AHP (kJ/mol) 
CH3CH2—H 440х12- +4920 ОС-О -535x8- -4280 
О-о %497хХ7- +3479 НО-Н -498х12- -5976 
CHC + 368 х2 = +736 
Total — 10256 kJ/mol 
Total *9135 kJ/mol 


[3] Overall A4? = 


sum in Step [1] 
+ 


sum in Step [2] 


* 2734 kJ/mol 
— 3062 kJ/mol 


ANSWER: — 328 kJ/mol 


[3] Overall AH? - 


sum in Step [1] 
+ 
sum in Step [2] 


*9135 kJ/mo 
—10256 kJ/mo 


ANSWER: —1121 kJ/mo 
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6.9 Use the following relationships to answer the questions: 
If K,, = 1, then AG? = 0; ҰК > 1, then AG? < 0; ЕК, < 1, then АС? > 0. 


a. A negative value of AG? means the equilibrium favors the product and К > 1. Therefore, 
К. = 1000 is the answer. 


eq 


b. A lower value of AG? means a larger value of К’, and the products are more favored. К = 10° 
is larger than K,, = 107, во AG? is lower. 


6.10 Use the relationships from Answer 6.9. 


а. K, = 5.5. К. > 1 means that the equilibrium favors the product. 


b. AG? = 40 kJ/mol. A positive AG? means the equilibrium favors the starting material. 


6.11 When the product is lower in energy than the starting material, the equilibrium favors the product. 
When the starting material is lower in energy than the product, the equilibrium favors the starting 
material. 


a. AG? is positive, so the equilibrium favors the starting material. Therefore the starting material 
is lower in energy than the product. 

b. K,, > 1, so the equilibrium favors the product. Therefore the product is lower in energy than the 
starting material. 

c. AG? is negative, so the equilibrium favors the product. Therefore the product is lower in energy 
than the starting material. 

d. К., < 1, so the equilibrium favors the starting material. Therefore the starting material is lower 
in energy than the product. 


6.12 


Nee шуо» кєт 


осн; 


а. K, > 1, so the product (the conformation on the right) is favored at equilibrium. 
b. AG? for this process must be negative, because the product is favored. 
с. AG? is somewhere between 0 and –6 kJ/mol. 


А 
a ve b === г он 
а. + + HÖ: | р үл 
о. 
| 
H 


Entropy favors the starting materials Entropy favors the products because 
because there are more molecules of an acyclic product is formed from a 
reactants than products. cyclic reactant. 


6.13 
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6.14 A positive AH? favors the starting material. A negative AH? favors the product. 
а. AH? is positive (80 kJ/mol). The starting material is favored. 
b. AH? is negative (—40 kJ/mol). The product is favored. 


6.15 
a. False. The reaction is endothermic. 
b. True. This assumes that AG? is approximately equal to ДА“. 
c. False. K, « 1. 


d. True. 


e. False. The starting material is favored at equilibrium. 


6.16 


transition 
state 


product 


Energy 


starting 
material 


Reaction coordinate 


6.17 A transition state is drawn with dashed lines to indicate the partially broken and partially formed 
bonds. Any atom that gains or loses a charge contains a partial charge in the transition state. 


+ 


он; ò+ t 
БЕ :OH2 
a. — А + њо transition state: СИ 


$-.H, ô- : 


“ХУ “Хот + H2O transition state: P$ “он 
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6.18 
ansion a. Reaction A-C is exothermic. Reaction А-В is 
transition Y пае i 
state 1: D b. Reaction A-C is faster. 
c. Reaction A-C generates a lower-energy 
> product. 
B d. See labels. 
са е. See labels. 
f. See labels. 
Reaction coordinate 
6.19 
к а. Two steps, because there are two energy barriers. 
b. See labels. 
transition Е c. See labels. 
sia 5. d. One reactive intermediate is formed (see label). 
a e. The first step is rate-determining, because its 
5 = transition state is at higher energy. 
ЕН E ARa f. The overall reaction is endothermic, because the 
к MN КРЕ» сз ote АН overall energy of the products is higher than the energy of 
the reactants. 
Reaction coordinate 
6.20 


relative energies: C < A < B 
B —> C is rate-determining. 


Energy 


Reaction coordinate 


6.21 Е, concentration, and temperature affect reaction rate. AH°, ДО", and К, do not affect 


reaction rate. 


a. E, = 4 kJ/mol corresponds to a faster reaction rate. 
b. A temperature of 25 ?C will have a faster reaction rate, because a higher temperature 


corresponds to a faster reaction. 
c. No change: K, does not affect reaction rate. 


d. No change: АН? does not affect reaction rate. 
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6.22 


a. False. The reaction occurs at the same rate as a reaction with К. = 8 and E, = 80 kJ/mol. 


b. False. The reaction is slower than a reaction with К. = 0.8 and E, = 40 kJ/mol. 


c. True. 
d. True. 
e. False. The reaction 15 endothermic. 


6.23 АП reactants in the rate equation determine the rate of the reaction; rate = k[CH,CH,Br][ OH]. 


a. Tripling the concentration of CH,CH,Br only — The rate is tripled. 
b. Tripling the concentration of OH only — The rate is tripled. 


c. Tripling the concentration of both СН,СН,СН,Вт апа OH — The rate increases by a 


factor of 9 (3 x 3 = 9). 


6.24 The rate equation is determined by the rate-determining step. 


OS + H20 + Br- one step 
rate = K[CH3CH2CH2Br][-OH] 


Br -OH 
b. — 2 H20 two steps 
slow E The slow step determines 


the rate equation. 
* Br rate =К[(СНз)зСВ!] 


a N мВ + -OH 


6.25 A catalyst is not used up or changed in the reaction. It only speeds up the reaction rate. 


OH and H are added to 


the starting material. I- not used up = catalyst. 


CH3CH20H ь сна E 
Н>504 -он 


а. СН2--СН; CH30H 


Н>5Од is not used up = catalyst. ТОН substitutes for СГ. 


6.26 
T H А 
+ 
i e = СТ ы “он сњењ + 
carbocation 
radical 
6.27 
propane propene 
CH3 — CH2CH3 *CH3 + Ы CH2CH3 СНз — CH — CH5 “СНз ++ сн=Сн» 
AH? = 356 kJ/mol АН = 385 kJ/mol 
This bond is formed from two This bond is formed from one sp? and one sp? 
sp? hybridized C's. hybridized C. The higher percent s-character in one 


C makes a stronger bond; thus, the bond dissociation 
energy is higher. 


OH 
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6.28 Use the directions from Answer 6.1. 


HO HO 
o CH30H о 1- 
а. НО OH > HO L OCH; substitution 
HCI 
HO OH HO OH 
CH3 and H added 
О О Он О 
b. N [1] СНҙМоВг S addition 
OCH3 NP осн, 
с! e 
6.29 Use the rules in Answer 6.4 to draw the arrows. 
12832) :О: 
554755 poss 
a. --- + 2СІ: С; CH3CH2 7 Вг: + 10H CH3CHOH + -Bri 


в 
с. + :Cl—AICh 
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6.32 Draw the curved arrows to identify the product X. 


"oum А EM Oe Br 
Ор OP =. 
V Т 


6.33 


6.35 Use the rules from Answer 6.6. 


I— ссі Br— ССЬ CI— CCl 


largest halogen intermediate smallest halogen 
weakest bond bond strength strongest bond 


6.36 Use the directions from Answer 6.7. 


а. -OH + CH, ——* "СНз + НО 


[1] Bonds broken [2] Bonds formed [3] Overall AH? - 
+435 kJ/mol 
AHP (kJ/mol) AHP (kJ/mol) 
— 498 kJ/mol 
CH3—H + 435 kJ/mol H — OH — 498 kJ/mol ттлт 
ANSWER: — 63 kJ/mol 
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b. CH3— OH + HBr DI De CH3— Br + H20 
[1] Bonds broken [2] Bonds formed [3] Overall AH? = 
AHP (kJ/mol) АН? (kJ/mol) 
CH3— OH + 389 СНз— Вг - 293 +757 kJ/mol 
H—Br + 368 H— OH - 498 —791 kJ/mol 
Total *757 kJ/mol Total — 791 kJ/mol ANSWER: —34 kJ/mol 
6.37 
A hybrid: 


6.38 Use the rules from Answer 6.11. 
а. К. = 0.5. K,, is less than one, so the starting material is favored. 


b. AG? = -100 kJ/mol. AG?is less than 0, so the product is favored. 
c. AH°= 8.0 kJ/mol. AH? is positive, so the starting material is favored. 
d. К, = 16. К. is greater than one, so the product is favored. 


eq 


e. AG? = 2.0 kJ/mol. AG?is greater than zero, so the starting material is favored. 
f. AH? = 200 kJ/mol. AH?is positive, so the starting material is favored. 
g. AS? = 8 J/(K-mol). AS? is greater than zero, so the product is more disordered and favored. 
h. AS? =-8 J/(K-mol). AS?is less than zero, so the starting material is more disordered and 
favored. 
6.39 


a. A negative AG? must have К > 1. Ка= 10. 
b. К. = [products |/[reactants] = [11/5] = 0.2 = K,,. AG? is positive. 
c. A negative AG? has К, > 1, and a positive AG? has К, < 1. AG? = –8 kJ/mol will have 


a larger К... 


6.40 


R axial R Keq 
equatorial 


үлен ——— R -Сн›СНз 93 
-C(CHg. 4000 


H 


a. The equatorial conformation is present in the larger amount at equilibrium, because the K, is 
greater than 1. 
b. The cyclohexane with the -С(СН,), group will have the larger amount of equatorial conformation 


at equilibrium, because this group has the higher К... 
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c. The cyclohexane with the -CH,CH, group will have the larger amount of axial conformation at 
equilibrium, because this group has the lower К, . 

d. The cyclohexane with the -C(CH,), group will have the more negative ДО", because it has the 
larger К. 


e. The larger the R group, the more favored the equatorial conformation. 


6.41 Reactions resulting in an increase in entropy are favored. When a single molecule forms two 
molecules, there is an increase in entropy. 
аз “лм И ы Ты Т T ЖАСТЫ increased number of molecules 


AS’ is positive. 
products favored 


b. CH3CO2CH3 * H20 CH3CO2H + CH30H no change in the number of molecules 


neither favored 


6.42 Use the directions in Answer 6.17 to draw the transition state. Nonbonded electron pairs are drawn 
in at reacting sites. 


S. ae t 
O--H--NH2 4 JH. 5+ 
transition transition 7 “он; 
state: state: ok. e. 
ӧ+ 
6.43 
а b. 
5 16 kJ/mol 
Re n m ERA 
GA 
H^ = -8Q kJ/mol 
B 
c EM | 
Reaction coordinate Reaction coordinate overall 
“опе step A— B + two steps 
• exothermic because B lower than А * Alowest energy 
* B highest energy 
+ Ед-в) is rate-determining, because the 
transition state for Step [1] is higher in energy. 
6.44 
b. “Сіз СНА — "СНз + HCI 
[1] Bonds broken [2] Bonds formed [3] Overall AH? = 
* 435 kJ/mol 
AHP (kJ/mol) АН? (kJ/mol) 
- 431 kJ/mol 
CH3 —H + 435 kJ/mol Н-СІ - 431 kJ/mol E 
ANSWER: +4 kJ/mol 


Chapter 6-16 
d. Е, for the reverse reaction is the difference in energy between the 
products and the transition state, 12 kJ/mol. 


> Ea =\16 kJ/mol 
o 
Ф 
Шайық AMY 
= 4 kJ/mol 16 kJ/mol 
© 12 kJ/mol 
Reaction coordinate o 
Кы, | deme et UE EN 
=j Ay Акта 
Reaction coordinate 
6.45 
a. B, D, and F are transition states. 
b. C and E are reactive intermediates. 
5 c. The overall reaction has three steps. 
o d. A-C is endothermic. 
AT С-Еіс exothermic. 
E-G is exothermic. 
e. The overall reaction is exothermic. 
Reaction coordinate 
6.46 


H H 

H H H 
O~ as — Ste: + ee 
ЈЕ [1] H ES [2] 2 


Н 


а. Step [1] breaks one т bond and the Н-СІ bond, and опе C-H bond is formed. АН? for this step 


should be positive, because more bonds are broken than formed. 
b. Step [2] forms one bond. АН” for this step should be negative, because one bond is formed 


and none is broken. 
c. Step [1] is rate-determining, because it is more difficult. 
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d. Transition state for Step [1]: Transition state for Step [2]: 


H 


t 
ы 
rescue 
"e 


АН" is positive. 


Energy 


АН“ is negative. 


АН" overall is negative. 


Reaction coordinate 


6.47 Е, concentration, catalysts, rate constant, and temperature affect reaction rate so (с), (d), (е), (g), 
and (h) affect rate. 


6.48 
a. rate = k[CH,Br][NaCN] 
b. Double [CH,Br] — rate doubles. 
c. Halve [NaCN] - rate halved. 
d. Increase both [CH,Br] and [NaCN] by factor of 5 = [5][5] = rate increases by a factor of 25. 


6.49 
О: :0: С. 
4 T 2 [2] р: 
а. acetyl ——- а E x * Cr 
chloride Т Cl slow сно! сс fast оснз 
Э methyl acetate 
снаб: 


b. Only the slow step is included in the rate equation: Rate = k[CH,O [СН,СОСТ 

c. СНО is in the rate equation. Increasing its concentration by 10 times would increase the rate by 
10 times. 

d. When both reactant concentrations are increased by 10 times, the rate increases by 100 times 
(10 x 10- 100). 

e. This is a substitution reaction (OCH, substitutes for СІ). 


Chapter 6—18 


6.50 
a. True: Increasing temperature increases reaction rate. 
b. True: If a reaction 15 fast, then it has a large rate constant. 
c. False: Corrected—There is no relationship between AG? and reaction rate. 
d. False: Corrected—When the Е, is large, the rate constant is small. 
e. False: Corrected—There is no relationship between K, and reaction rate. 
f. False: Corrected—Increasing the concentration of a reactant increases the rate of a reaction 
only if the reactant appears in the rate equation. 
6.51 


Br OCH3 
a. + CH30H — + HBr 
substitution 


A B 


b. Rate = k[C,H,Br] 
Because one of the reactants appears in the product but not in the rate equation, this reactant 
cannot be involved in the rate-determining step, so the mechanism has more than one step. 


ОС бу -g-o-o 


Io Э ма 
20: 70-ң HSO,- :0: „он 
Oy Ne 


B D E 
acetal + HSO4 hemiacetal 
+ #2504 
“ж ж 
40) е) 
с 


c. The electrophile is C; Н,О is the nucleophile. 
d. Steps [1] and [4] are Brensted-Lowry acid-base reactions. 
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6.53 
[9] 
Z О 
| E e oe —— o7 
“ъч. 
| d = o 
A B с 


b. Two п bonds іп А are broken and one т bond in В is broken. Two new o bonds іп С are formed 
(in bold), as well as a new т. bond. 

c. The reaction should be exothermic because more energy is released in forming two new 
C-C о bonds than is required to break two C-C т bonds. 

d. Entropy favors the reactants for two reasons. There are two molecules of reactant and only one 
product. The reactants are both acyclic and the product has a ring with fewer degrees of freedom. 


e. The Diels—Alder reaction is an addition reaction because т. bonds are broken and new o bonds аге 
formed. 


6.54 

a. The first mechanism has one step: Rate = K[(CH),CI]| OH] 

b. The second mechanism has two steps, but only the first step would be in the rate equation, 
because it is slow and therefore rate-determining: Rate = k[(CH,),CI] 

c. Possibility [1] is second order; possibility [2] is first order. 

d. These rate equations can be used to show which mechanism is plausible by changing the 
concentration of OH. If this affects the rate, then possibility [1] is reasonable. If it does not 
affect the rate, then possibility [2] is reasonable. 


e. \ t 
1:%8- — H---OH 
> 
о 
o А = (СНз)зСІ + "ОН 
т В=(СНз);С=СН› + Г + H20 
Reaction coordinate 
f transition state 


transition state 


Energy 
, © 
„д + 
1: 
о 
| 


EINE уд overal 21 | Ne | 
(CH,),CI (CH,),C=CH, ы” 5- 


+ H,O H---OH 


Reaction coordinate 
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6.55 The difference in both the acidity and the bond dissociation energy of CH,CH, versus НСЕСН is 
due to the same factor: percent s-character. The difference results because one process is based on 
homolysis and one is based on heterolysis. 

Bond dissociation energy: 


WM eet 
sp? hybridized sp hybridized 
25% s-character 50% s-character 


Higher percent s-character makes 
this bond shorter and stronger. 


Acidity: To compare acidity, we must compare the stability of the conjugate bases: 


CH3CH> HC=C 
sp? hybridized sp hybridized 
25% s-character 50% s-character 


Now a higher percent s-character 
stabilizes the conjugate base, making the 
starting acid more acidic. 


6.56 a. Re-draw A to see more clearly how cyclization occurs. 


о bonds formed 


| 


= айтады ааа - “-/ il x. | 


> 


о bond formed 
B 
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Ha Ha Ha 
b. = | EE d 
Hp 


c. С-Н is weaker than C-H, because the carbon radical formed when the C-H, bond is broken is 


highly resonance stabilized. This means the bond dissociation energy for С-Н is lower. 


resonance stabilized | 
less energy for homolysis 


b. a | он 


С-р2-О Сәр3-О 
higher % s-character lower % s-character 
shorter bond longer bond 


„одн — 276. 
ethanol no resonance stabilization 


Less energy is required for cleavage of 
С5Н5О-Н because homolysis forms the 
more stable radical. 
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Chapter 7 Alkyl Halides and Nucleophilic Substitution 


Chapter Review 
General facts about alkyl halides 


Alkyl halides contain a halogen atom X bonded to an sp’ hybridized carbon (7.1). 
Alkyl halides are named as halo alkanes, with the halogen as a substituent (7.2). 
Alkyl halides have a polar C—X bond, so they exhibit dipole-dipole interactions but are incapable of 
intermolecular hydrogen bonding (7.3). 

e The polar C-X bond containing an electrophilic carbon makes alkyl halides reactive toward 
nucleophiles and bases (7.5). 


The central theme (7.6) 


e  Nucleophilic substitution is one of the two main reactions of alkyl halides. А nucleophile replaces a 

leaving group on an sp' hybridized carbon. 
R-X + ми. 

nucleophile 


R—Nu + Xi 


leaving group 


The electron pair in the С-Ми bond 
comes from the nucleophile. 


e Опе o bond is broken and one o bond is formed. 
e There аге two possible mechanisms: 5,1 and 5,2. 


5,1 and 5,2 mechanisms compared 


S,2 mechanism S,1 mechanism 
[1] Mechanism e One step (7.11B) e Two steps (7.12B) 
[2] Alkyl halide e Order of reactivity: CH,X > e Order of reactivity: R,CX > 
КСНХ > R,CHX > КСХ R,CHX > RCH,X > CH,X 
(7.11D) (7.12D) 


[3] Rate equation e rate = ЕХ Ми | 
second-order kinetics (7.1 1A) 


rate = k[RX] 
first-order kinetics (7.12A) 


[4] Stereochemistry e backside attack of the e trigonal planar carbocation 

nucleophile (7.11C) intermediate (7.12C) 
e inversion of configuration ata ө racemization at a stereogenic 

stereogenic center center 

[5] Nucleophile e favored by stronger e favored by weaker nucleophiles 
nucleophiles (7.15B) (7.15B) 

[6] Leaving group e better leaving group — faster ж better leaving group — faster 
reaction (7.15C) reaction (7.15C) 

[7] Solvent e favored by polar aprotic e favored by polar protic solvents 
solvents (7.15D) (7.15D) 
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Increasing rate of an 5,1 reaction 


R R 
CH3—X PT Du 
t R^ x R^ ^x R x 
R 
methyl 12 29 39 
uda р, 
ү both 
512 541 and 512 541 


Increasing rate of an 5,2 reaction 


Important trends 


e The best leaving group is the weakest base. Leaving group ability increases left-to-right across а 
row and down a column of the periodic table (7.7). 


Increasing basicity Increasing basicity 
= —— м ___д__д_д_д__д_{____{__{_{_{____{____________ 
: NH3 H20: Е СІ” Br ІС 
С ~ = 
Increasing leaving group ability Increasing leaving group ability 


e Nucleophilicity decreases left-to-right across a row of the periodic table (7.8A). 


For 274 row elements Е E $a = 
with the same charge: CHs 2 


Increasing basicity 
Increasing nucleophilicity 


e Nucleophilicity decreases down a column of the periodic table in polar aprotic solvents (7.8C). 


Down a column F. cl Br = 


of the periodic table I 
———————— 


Increasing nucleophilicity 
in polar aprotic solvents 


e Nucleophilicity increases down a column of the periodic table in polar protic solvents (7.8C). 


Down a column - - _ E 
of the periodic table F СІ Вг І 


Increasing nucleophilicity 
in polar protic solvents 


e The stability of a carbocation increases as the number of R groups bonded to the positively charged 
carbon increases (7.13). 


* * + + 
CH3 RCH; ВСН R3C 


methyl 1° 2° 39 
=== [= 
Increasing carbocation stability 


Important principles 


Principle 
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Example 


Electron-donating groups (such as R 


groups) stabilize a positive charge (7.13A). 


Steric hindrance decreases nucleophilicity 
but not basicity (7.8B). 


Hammond postulate: In an endothermic 
reaction, the more stable product is formed 
faster. In an exothermic reaction, this fact 
is not necessarily true (7.14). 


Planar, sp hybridized atoms react with 
reagents from both sides of the plane 
(7.120). 


Practice Test on Chapter Review 


3° Carbocations (К.С) are more stable 
than 2? carbocations (R,CH’), which are 
more stable than 1° carbocations (RCH, ). 
(CH,),CO is a stronger base but a weaker 
nucleophile than CH,CH,O . 

5,1 reactions are faster when more stable 
(more substituted) carbocations are formed, 
because the rate-determining step is 
endothermic. 


A trigonal planar carbocation reacts with 
nucleophiles from both sides of the plane. 


1. Give the IUPAC name for the following compound, including the appropriate R,S prefix. 


Pe owe 


2.a. Which of the following carbocations is the most stable? 


тәтей cg vous oe 


b. Which of the following anions is the best leaving group? 


1. CH, 2. OH 3.H 4. NH, 5. СГ 
c. Which species is the strongest nucleophile in polar protic solvents? 
ЈЕ 2. ОН 3. СГ 4. НО 5. 5Н 
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d. Which of the following statements is true about the given reaction? 


Br OCH2CH3 


Ма" OCH;CH; ~ 
LL + Вг 


The reaction follows second-order kinetics. 

The rate of the reaction increases when the solvent is changed from СН,СН,ОН to DMSO. 
The rate of the reaction increases when the leaving group is changes from Br to F. 
Statements (1) and (2) are both true. 

Statements (1), (2), and (3) are all true. 


icc сене Ба ЧА 


3. Rank the following compounds in order of increasing reactivity in ап 5,1 reaction. Rank the least 
reactive compound as 1, the most reactive compound as 4, and the compounds of intermediate 


reactivity as 2 and 3. 
СІ 


4. Consider the following two nucleophilic substitution reactions, labeled Reaction [1] and Reaction [2]. 
(Only the starting materials are drawn.) Then answer True (T) or False (F) to each of the following 
statements. 


Reaction [1] (СНзСН›)зСВг + | CH3OH 


Reaction[2] СЊСЊСЊВг +  OCH3 == 


The rate equation for Reaction [1] is rate = k[(CH,CH,),CBr][CH,OH]. 

Changing the leaving group from Br to CI decreases the rate of both reactions. 

Changing the solvent from CH,OH to (CH,),S=O increases the rate of Reaction [2]. 

Doubling the concentration of both СН,СН,СН,Вг and ОСН, in Reaction [2] doubles the rate of 
the reaction. 

e. Ifentropy is ignored and K, for Reaction [1] is « 1, then the reaction is exothermic. 


ao ср 


f. If entropy is ignored апа AH” is negative for Reaction [1], then the bonds in the product аге 
stronger than the bonds in the starting materials. 
g. The energy diagram for Reaction [2] exhibits only one energy barrier. 


5. Draw the organic products formed in the following reactions. Use wedges and dashed wedges to 
show stereochemistry in compounds with stereogenic centers. 
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CH3OH 


b. " 
bob d an (Consider substitution only.) 


CI 


pro а 
© Вг 


CH3CO> 
d. Вт —————- 


Answers to Practice Test 


1. (R)-6-chloro-2-methylnonane 3. А-4 5. a. c. 
C-3 я Ру 
D-2 
2.a.4 4.a.F b. d. 
b.5 b.T ер ng 
с.5 eT OCH; pt 
d.4 d. F у 
e. F 
a CHO 7 
g.T 


Answers to Problems 


7.1 Classify the alkyl halide as 1°, 2°, or 3? by counting the number of carbons bonded directly to 
the carbon bonded to the halogen. 


2% neither 2^, neither 
| 3°, пейһег 


Вг ---1% neither 


Cl, CI 
a, b. С af Cl Cl 7— 3°, allylic 


NEN Br СІ <— vinyl 
| halomon 


Br~— vinyl 


3% neither 2% neither 


telfairine 
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7.2 To name a compound with the IUPAC system: 
[1] Name the parent chain by finding the longest carbon chain. 


[2] Number the chain so the first substituent gets the lower number. Then name and number all 


substituents, giving like substituents a prefix (di, tri, etc.). To name the halogen substituent, 
change the -ine ending to -o. 


[3] Combine all parts, alphabetizing substituents, and ignoring all prefixes except iso. 


2-methyl 
x 


a. [1] 


[2] СУ 


[3] 3-chloro-2-methylpentane 


| 
CI 2 Сі<--3-сһіого 
5 carbon alkane - pentane 


== 2-methyl 
[1] [2] [3] 1-bromo-2-methylcyclohexane 
қ | 
1 


r Br^4— — 1-bromo 
6 carbon cycloalkane - 
cyclohexane 


[3] 6-ethyl-2-fluoro-7-isopropyldecane 
“ч. 


7-isopropyl 
10 carbon alkane - decane | | 
2-fluoro 6-ethyl 


7 3 [3] (s)-7-chloro-3-ethyldecane 


10 carbon alkane - decane 


7-chloro 


3-ethyl 
(S) у 


7.3 То work backwards from a name to a structure: 


[1] Find the parent name and draw that number of carbons. Use the suffix to identify the 
functional group (-ane - alkane). 


[2] Arbitrarily number the carbons in the chain. Add the substituents to the appropriate carbon. 
а. 3-chloro-2-methylhexane 


[1] 6 carbon alkane [2] 4—- methyl at C2 
«> 
1234656 
СІ 7—- chloro at СЗ 
b. 4-ethyl-5-iodo-2,2-dimethyloctane 


[1] 8 carbon alkane [2] ая 


Ж Ты ТА Т 


12345678 2methylsat С2 1 < iodo at C5 
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с. cis-1,3-dichlorocyclopentane 


И] 5 carbon cycloalkane [2] chloro groups at C1 and C3, both on the same side 


Q 


d. 1,1,3-tribromocyclohexane 


[1] 6 carbon cycloalkane [2] 


* 


e. 6-ethyl-3-iodo-3,5-dimethylnonane 
[1] 9 carbon chain [2] 
тсе 


f. (R)-1-fluoro-2,6,6-trimethylnonane 


[1] 9 carbon chain [2] 


7.4 а. Because an sp’ hybridized C has a higher percent s-character than an sp’ hybridized C, it holds 
electron density closer to C. This pulls a little more electron density toward C, away from СІ, 
and thus a Сгр—С1 bond is less polar than a С» —С1 bond. 


Go су 


lowest boiling point sp? C-CI bond larger halogen, sp? C-Br bond 
intermediate highest boiling point 
boiling point 


7.5 а. Chondrocole А has 10 C's and only one functional group capable of hydrogen bonding to water 
(an ether), so it is insoluble in H,O. Because it is organic, it is soluble in СНА]. 


r A 


Three stereogenic centers are labeled with (*). 


S 
Br 
О 
с. 
I 
CI 
enantiomer constitutional isomer 


Chapter 7-8 


7.6 То draw the products of a nucleophilic substitution reaction: 


[1] Find the sp* hybridized electrophilic carbon with a leaving group. 


[2] Find the nucleophile with lone pairs or electrons in т bonds. 
[3] Substitute the nucleophile for the leaving group on the electrophilic carbon. 


а ЖОТО 3% “ӘС ан, = + 


Вг \ OCH3CHs 


nonbonded е” pairs 
leaving group nucleophile 


" 
5. С) | + Na* -OH СҮ + Мағ 
| 


leaving group nonbonded е” pairs 
nucleophile 


M E i ARON TES "a 
\ nonbonded е pairs 
leaving group nucleophile 


CN 
d. | + Ма*-СМ + Mii + Nat 


| 


leaving group nonbonded е” pairs 
nucleophile 


7.7 Use the steps from Answer 7.6 and then draw the proton transfer reaction. 


substitution 
a. +  :N(CH2CH3) oS 
| nucleophile 


leaving group 


Br 


+ E 
N(CH2CH3)s + Вг 


Т substitution H ст proton 
: нё к ыт 
\ transfer 
| nucleophile H 
leaving group 
7.8 Draw the structure of CPC using the steps from Answer 7.6. 
М: + 
51 y, CI 
nucleophile substitution | 
leaving group 
Nt Ra 
N + ІСІ: 
51 / oe 


CPC 


BE * НСІ 
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7.9 
CI CI 
СІ Cx 
S 
A | ticlopidine 


These atoms come from the nucleophile. 
er 
S 
7.10 Good leaving groups include СТ, Br, Г, and H,O. 


a. b. он c. di Sew 
| 


и a good no good leaving group H20 is a good no good leaving group 
leaving group. TOH is too strong a base. leaving group. Н- is too strong a base. 


7.11 Good leaving groups include СІ, Br, I, and HO. F, OH, МН,, H, and В are poor leaving 
groups. 


о a QT worst leaving group —- HO CI 
worst leaving group ——= |H2N = Tn 


| 1 


best leaving group 


Á B best leaving group 


7.12 To decide whether the equilibrium favors the starting material or the products, compare the 
nucleophile and the leaving group. The reaction proceeds toward the weaker base. 


a. xr MES + Br к Ag + ~ МН; 


nucleophile leaving group Reaction favors 
better leaving group | В 
и pK, (NH3) = 38 starting material. 
рКа (HBr) = —9 
nucleophile leaving group E 
better leaving group Reaction favors product. 
pKa (HCN) = 9.1 weaker base 
pK; (HI) = –10 


7.13 Use these three rules to find the stronger nucleophile in each pair: 
[1] Comparing two nucleophiles having the same attacking atom, the stronger base is a stronger 
nucleophile. 
[2] Negatively charged nucleophiles are always stronger than their conjugate acids. 
[3] Nucleophilicity decreases left to right across a row of the periodic table, when comparing 
species of similar charge. 
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О 
z || 
а. NH3, NH2 b. CH3NH2, CH3OH c. С CH3CH20 
CH3 о 
A negatively charged Across a row of the periodic same attacking atom 
nucleophile is stronger table, nucleophilicity decreases О 
than its conjugate acid. with species of the same charge. stronger base 
stronger nucleophile stronger nucleophile stronger nucleophile 


7.14 Polar protic solvents are capable of hydrogen bonding, and therefore must contain a H bonded 
to an electronegative O or N. Polar aprotic solvents are incapable of hydrogen bonding, and 
therefore do not contain any O-H or N-H bonds. 


[9] 
HO. ^. о xls 
а: | он Ұлын а ©. g Nn 
contains 2 О-Н bonds по О-Н bonds no О-Н bonds 
polar protic polar aprotic polar aprotic 


7.15 «In polar protic solvents, the trend in nucleophilicity is opposite to the trend in basicity down 
a column of the periodic table, so nucleophilicity increases. 
• In polar aprotic solvents, the trend is identical to basicity, so nucleophilicity decreases down a 


column. 
a. Br апа СТ in polar protic solvent c. HS” and Fin polar protic solvent 
In polar protic solvents: 
Nucleophilicity increases. 
farther down the column farther down the column 
more nucleophilic and left in the row OF Nucleophilicity 
in protic solvent more nucleophilic S increases. 


in protic solvent 
b. ТОН апа СГ in polar aprotic solvent 


In polar aprotic solvents: 


Nucleophilicity increases. 
farther up the column серу 


and to the left in the row OF | 
more basic CI Nucleophilicity 
more nucleophilic increases. 


7.16 The stronger base 15 the stronger nucleophile, except in polar protic solvents, where nucleophilicity 
increases down a column. For other rules, see Answers 7.13 and 7.15. 


Ру H20 “он “мН; 
по сһагде negatively charged negatively charged 
weakest nucleophile intermediate nucleophile farther left in periodic table 


strongest nucleophile 


b. Br. F TOH 
Basicity decreases down a Basicity decreases strongest nucleophile 
column in polar aprotic solvents. across a row. 
weakest nucleophile intermediate nucleophile 
c. H20 снасоо“ “он 
weakest nucleophile weaker base than "ОН strongest nucleophile 


intermediate nucleophile 


Alkyl Halides and Nucleophilic Substitution 7—11 


7.17 To determine what nucleophile is needed to carry out each reaction, look at the product to see what 
has replaced the leaving group. 


а. ка a D d с D s da i 


OCOCH3 replaces Br. 


SH replaces Br. 5 
СНзСОО- is needed. 


HS" is needed. 


b. b di Fa bi dS d. idi cdi m usd 


С-СН replaces Вг. 
ОСН-СН; replaces Br. Е 
СНзСН20- is needed. НС=С` is needed. 


7.18 The general rate equation for an 5,2 reaction is rate = k[RX][:Nu |. 


a. [RX] is tripled, and [:Nu ] stays the same: rate triples. 

b. Both [RX] and [:Nu | are tripled: rate increases by a factor of 9 (3 x 3 = 9). 
c. [RX] is halved, and [:Nu ] stays the same: rate halved. 

d. [RX] is halved, and [:Nu ] is doubled: rate stays the same (1/2 x 2 = 1). 


7.19 АП 5,2 reactions have one step. The transition state in ап 5,2 reaction has dashed bonds to both 
the leaving group and the nucleophile, and must contain partial charges. 


transition state 


Energy 


+ OCH3 


Reaction coordinate 


7.20 To draw the products of 5,2 reactions, replace the leaving group by the nucleophile, and then 
draw the stereochemistry with inversion at the stereogenic center. 


D D ^ ^ 
a. “ән + 077 ———- 0-- b. I + СЕМ: -Б-- әнСЕМ: 
Н 


H 
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7.21 Increasing the number of R groups increases crowding of the transition state and decreases the rate 
of an 5,2 reaction. 


CI 
т Pes өг а! b. Br or 
Br 
2% alkyl halide f? alkyl halide 2% alkyl halide 3% alkyl halide 


faster reaction faster reaction 


7.22 


‘м-н + ман? 
Nay DMF ІК 


TH 
group 


dt 

J X 

N NO; 
x 


7.23 In а first-order reaction, the rate changes with any change in [RX]. The rate is independent of 
any change in [:Nu ]. 
a. [RX] is tripled, and [:Nu | stays the same: rate triples. 
b. Both [RX] and [:Nu ] are tripled: rate triples. 
с. [RX] is halved, and [:Nu | stays the same: rate is halved. 
d. [RX] is halved, and [:Nu ] is doubled: rate is halved. 


7.24 In 5,1 reactions, racemization always occurs at a stereogenic center. Draw two products, with 
the two possible configurations at the stereogenic center. 


leaving group nucleophile 


Br | OH 2 OH 
= H20 = е 
а. + + HBr 


enantiomers 


nucleophile 


diastereomers 
leaving group 


7.25 Carbocations are classified by the number of R groups bonded to the carbon: 0 R groups — 
methyl, 1 R group = 1?, 2 R groups = 22, and 3 R groups = 3*. 


a. gs D b. P с. m d. on 


2 R groups 1R group 3 R groups 2 R groups 
2? carbocation 1% carbocation 3? carbocation 2? carbocation 
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7.26 For carbocations: Increasing number of R groups - Increasing stability. 


"MEE g 


1° carbocation 2? carbocation 3? carbocation 
least stable intermediate most stable 
stability 


7.27 Тһе rate of ап 5,1 reaction increases with increasing alkyl substitution. 


Br 
CI 


3% alkyl halide f? alkyl halide 
faster 541 reaction slower 541 reaction 


3% alkyl halide 2% alkyl halide 
faster 541 reaction slower Sy1 reaction 


7.28. For methyl and 1? alkyl halides, only S,2 will occur. 
• For 2° alkyl halides, 5,1 and 5,2 will occur. 
ғ For 3° alkyl halides, only 5,1 will occur. 


" b. ШМ ж т с. [= а. db di 


Br 1° alkyl halide 2° alkyl halide 3° alkyl halide 
2° alkyl halide 5,2 5,1 and 542 554 
5,1 апа 5,2 


7.29. Draw the product of nucleophilic substitution for each reaction. 
• For methyl and 1° alkyl halides, only 5,2 will occur. 
For 2? alkyl halides, 5,1 and 5,2 will occur and other factors determine which mechanism 
operates. 
е For 3? alkyl halides, only 5,1 will occur. 


Strong nucleophile 


favors 5,2. 
p снзон P Г сњењо“ OCH;CHs 
a; CI OCH; + HCI ©: +] 
3" alkyl halide 2% alkyl halide 
only 541 Both 541 and 542 
are possible. 
Weak nucleophile 
favors 5,1. 
Br ^ i 
x СІ” SH RP uox: d. снҙон а 
Е” + НВг 
Br осн; 
f? alkyl halide о і 
only 5 2° alkyl halide 


Both 5,1 and 5,2 
are possible. 


Chapter 7—14 


7.30 First decide whether the reaction will proceed via ап 5,1 ог 5,2 mechanism. Then draw (һе 
products with stereochemistry. 


a. c ds + Но d dod + POMA + HBr ЅМ = racemization at the 
% | 2 ® stereogenic С 
H Br H OH HO H 
5 : Weak nucleophile 
a ase favors 511. enantiomers 


Cl - НСЕС 5 е ; ; 
b. — + :СЕС-Н X> + а 5ң2 = inversion at the stereogenic С 


H D D H 


1? alkyl halide 
512 only 


7.31 


HO ©, 
"Вг *— 3° bromide Most substituted RX reacts fastest. 
(c) order: (b) « (а) « (c) 
Br CI 
2? bromide 2% chloride 
(а) worst leaving group 
(b) 


7.32 e Polar protic solvents favor (ће 5,1 mechanism by solvating the intermediate carbocation and 
halide. 
• Polar aprotic solvents favor (һе 5,2 mechanism by making the nucleophile stronger. 


а. СНҘСН;ОН b. CH3CN с. СНСООН а. CH3CH20CH5CH; 

polar protic solvent polar aprotic solvent polar protic solvent polar aprotic solvent 

contains an O-H bond no О-Н or N-H bond contains an O-H bond no O-H or N-H bond 
favors 5,1 favors 512 favors 5,1 favors 512 


7.33 Compare the solvents in the reactions below. For the solvent to increase the reaction rate of an 
5,1 reaction, the solvent must be polar protic. For the solvent to increase the reaction rate of 
an S,2 reaction, the solvent must be polar aprotic. 


CH3OH 
a. d de + CHOH = d on. + на снзон 
СІ DMSO OCH3 Polar protic solvent 
5 : increases {Пе rate of an 
3° RX - $41 reaction SM reaction. 
b. Pau * OH ОН + Вг DMF [HCON(CH3)2] 
or Polar aprotic solvent 
T RX – 542 reaction DMF increases the rate of an 


542 reaction. 
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E CH3OH РА 
с. + СНО oF quel HMPA [(CH3)2N];P-O 
H CI | HMPA H OCH3 Polar aprotic solvent 
increases the rate of an 
2° ВХ strong nucleophile 512 reaction. 


542 reaction 


7.34 To predict whether the reaction follows ап 5,1 ог 5,2 mechanism: 
ІҢ Classify RX as a methyl, 1°, 2°, ог 3° halide. (Methyl, 1? = 5,2; 3° = 5,1; 2° = either.) 
[2] Classify the nucleophile as strong or weak. (Strong favors S,2; weak favors S,1.) 
[3] Classify the solvent as polar protic or polar aprotic. (Polar protic favors 5,1; polar aprotic 


favors 5,2.) 
"E 


Br 
à: »— + “Xo у. (>= + Br 5142 reaction 


f? alkyl halide 
542 


Б. = 
Вг + Ма 


2" alkyl halide Strong nucleophile 
5,1 ог 542 favors 5,2. 


= же, + СНОН = Є. bo did + HI 51 reaction 


Weak nucleophile 


`гу "NS + Br 542 reaction = inversion at the stereogenic center 
The leaving group was "up." 


The nucleophile attacks from below. 


3? alkyl halide favors 5,1. 
SM 
d. + оңо | + ; + НСІ 5,1 reaction 
% И % forms two enantiomers. 
С! Weak nucleophile OH HO 2 
favors 5,1. 
3? alkyl halide 
SM 
7.35 
УА T + 
~ N: CH3 iM ~ М 1055 оҒ 
H | / Sy ee! 
2 2 CH3 a proton 
N N 
A + SR nicotine 
7.36 


2° alkyl bromide 


а NA. АВ" 7— —— less crowded 

д better leaving group 
vinyl chloride | most reactive 
nonreactive p 


CI 


3° alkyl chloride 
intermediate reactivity 
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7.37 Convert each ball-and-stick model to a skeletal or condensed structure and draw the reactants. 


Ма“ CN 


carbon | 
framework 


nucleophile 


carbon 
framework 


OH CI OH 
x ms | СҮ Na* -OH 
nucleophile 


carbon 
framework 


nucleophile 


а ње ај У 


a Pas 
SS 
carbon || 
framework 
nucleophile 


| Na* -CŒ CH 


7.38 
ЖҰТТЫ LRL UN 


снг + CIS CH2CHs снаосњсна CHCH + сі-<сн; снзбснснз 


7.39 Use the directions from Answer 7.2 to name the compounds. 


7 C chain - heptane 

bromo at C2 

ethyl at C5 

one stereogenic center-R 
(R)-2-bromo-5-ethylheptane 


5 C ring = cyclopentane 


b. chloro at C1 
Pec isopropyl at C3 
1 z 2 R trans isomer—one substituent up, one down 
сі | (4R, 3R)-trans-1-chloro-3-isopropylcyclopentane 
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7.40 


CN (axial) 


H 
СМ : ~ | 
а. Bro 222 H inversion (equatorial to axial) 
(eq) acetone 
polar aprotic solvent Large tert-butyl group is in 
5,2 reaction more roomy equatorial 


position. 


Br (axial) H 
b. p A H OON c Мр CN (ед) inversion (axial to equatorial) 
acetone 


polar aprotic solvent 
542 reaction 


7.41 Use the directions from Answer 7.2 to name the compounds. 


[1] 3 ТЕ [2] F [3] 1-fluoro-3,3,4-trimethylpentane 
a. 4 A | 
3,3-dimethyl 1-fluoro 


5 carbon alkane - pentane 
4-methyl 


al 3-ethyl E 
b. 0 „ЛЛ ЧҮ [2] LR i [3] 3-ethyl-1-iodo-2-methylhexane 


2-methyl > | 


6 carbon alkane - һехапе t-iodo 
5,5-dimethyl 


Cl | CI «— 1,3-dichloro 
[t] и [2] pv | [3] 13-dichloro-5,5-dimethylhexane 
с. Б 3 а Ci 


6 carbon alkane = hexane 


Br Br-—— 1-bromo 


d Ш [2] [3] cis-1-bromo-3-iodocyclopentane 


I I-— 3-iodo 


5 carbon cycloalkane - 
cyclopentane 


6-bromo 2-chloro 
і 
e. [1] 2.77 СІ [2] а Cl [3] 6-bromo-2-chloro-6-methyloctane 
A 
8 carbon alkane = octane 6-methyl 
ғ (1] сс [2] Tar ед [3] (R)-2-iodo-4,4-dimethylhexane 
| Шы ian 
6 carbon alkane - hexane . (R)-2-iodo 6 Clockwise 
| 4,4-dimethyl > R 
(Indicate the R,S I H4 
designation also) N- 4 
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7.42 To work backwards to a structure, use the directions in Answer 7.3. 


a. 3-bromo-4-ethylheptane c. 1-bromo-4-ethyl-3-fluorooctane e. (1R,2R)-trans-1-bromo-2-chlorocyclohexane 
1R 


ea = 1-bromo 


MS —— 2-chloro 


Вг<-- 3-bromo 2R 
b. 1,1-dichloro-2-methylcyclohexane d. (S)-3-iodo-2-methylnonane f. (R)-4,4,5-trichloro-3,3-dimethyldecane 


1 s 4/-dichloro 


я | н a 3,3-dimethyl 


2 ~— 2-methyl 


4,4,5-trichloro 


7.43 


1-chloro 2° ó er. 
1 | T а жи pP СІ 1 3 
NN Aa 3 | 1° 


1-chloro 
1-chloropentane 3-chloropentane 
1-chloro-3-methylbutane 
1-chl 
Ei 2-chloro 
|" |з 
NX a е 
2 
1 2 
1-chloro-2,2-dimethylpropane 2-chloro-2-methylbutane 


Two stereoisomers 


АЯ 2^ `з NT 

ame co Los 4 br 6d 4 
2 1 4c! 
2-chloropentane Clockwise Clockwise 

[* denotes stereogenic center] ae M pack = "4" пок = 


Two stereoisomers 


3-methyl — =ч ma 
ЕА 3 2 
„ОКЕ t sm ан”: i 
СІ СІ 
1 


2-chloro — CI 1 


2-chloro-3-methylbutane Coünterclockwise Counterclackwise 


[* denotes stereogenic center] "4" in front = "4" in back = 
R S 
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Two stereoisomers 


1-chloro 
о 3 4 3 4 
* | 4 H H 
2-methyl — ( 2. ( > 
Ез SED coques =- „с с 
1-chloro-2-methylbutane 2—1 2. 71 
* ; Clockwise Clockwise 
[* denotes stereogenic center] "4" in front = "4" in back = 
S R 
7.44 
zi Br Papas Br Pm I 
A B С 
most compact more surface area than A more surface area 
alkyl bromide intermediate more polarizable halogen 
lowest boiling point boiling point highest boiling point 


7.45 Use the steps from Answer 7.6 and then draw the proton transfer reaction, when necessary. 


Cl 


а 
| 


СІ | О 
| nucleophile bi 


leaving group 


b. РИМА + idis ——— м + Neal 


| 


leaving group nucleophile 


I + Hð: --- ox + HI 
| | 


leavi nucleophile 
eaving group 
d. + .. 
di < “он CX ~ +онс 


| | 


о 


leaving group nucleophile 
Br OCH3 
И СҮ | + Na*-OCH3 E + NaBr 
leaving group nucleophile d 


f. dc 2 мо ON —— я + 0 


leaving group nucleophile 
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7.46 А good leaving group is а weak base. 


а 
а. E b. c. @ d. E | 


bad leaving group СГ good leaving group This has only C-C | 
~ OH is a strong base. weak base and C-H bonds. good leaving group 
no good leaving group H20 is a weak base. 


7.47 Leaving group ability increases left-to-right across a row and down a column of the periodic table. 


best worst 
leaving group leaving group 


order: BSD«C«E«A 


7.48 Compare the nucleophile and the leaving group in each reaction. The reaction will occur if it 
proceeds toward the weaker base. Remember that the stronger the acid (lower pK,), the weaker the 
conjugate base. 


NH2 I _ 
а. СҮ + 1 x СҮ + NH2 Reaction will not occur. 


weaker base stronger base 
pKa (HI) = —10 рКа (NH3) = 38 
b. ж р * бы == Ио + p Reaction will occur. 
stronger base weaker base 
рКа (СНзОН) = 15.5 pK; (НІ) = —10 


7.49 In acetone, nucleophilicity decreases left-to-right across a row and down a column of the periodic 
table. 
Г < В < CHS < CHO < CH,NH 


7.50 Polar ргойс solvents are capable of hydrogen bonding, so they must contain а H bonded to ап 
electronegative O or N. Polar aprotic solvents are incapable of hydrogen bonding, so they do 
not contain any O-H or N-H bonds. 


а. (CH3)2CHOH c. СН-СІ; e. N(CH3) 
contains О-Н bond no O-H or N-H bond no O-H or N-H bond 
protic aprotic aprotic 
De 8008 d. мн; f. HCONH; 
no O-H or N-H bond contains N-H bond contains an N-H bond 
aprotic protic protic 
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7.51 
Т CH Э! л CH i CH 
e 2% 4% $ gE E 
Cs" АР 8 3 сњ“ ви em = CH ГЕД. 3 
H Ж H pe H H H H 
The amine N is more nucleophilic The amide N is less nucleophilic 
because the electron pair is because the electron pair is 
localized on the N. delocalized by resonance. 
7.52 
1? alkyl halide 
5,2 reaction 
a. Mechanism: өлш - Бастауы + Br 
(Au CN acetone 
b. Energy diagram: 
c. Transition state: 
> 
Э Т 
= | „Вт j 
W AY .. 
8- CN: 


Reaction coordinate 


d. Rate equation: one-step reaction with both nucleophile and alkyl halide in the only step: 
rate = k[R-Br][ CN] 
e. [1] The leaving group is changed from Br toI: 
Leaving group becomes less basic — a better leaving group — faster reaction. 


[2] The solvent is changed from acetone to CH, CH,OH: 
Solvent changed to polar protic — decreases reaction rate. 
[3] The alkyl halide is changed from CH,(CH,),Br to CH,CH,CH,CH(Br)CH,;: 
Changed from 1? to 2? alkyl halide — the alkyl halide gets more crowded, so the 
reaction rate decreases. 
[4] The concentration of CN is increased by a factor of 5. 
Reaction rate will increase by a factor of 5. 
[5] The concentration of both the alkyl halide and CN are increased by a factor of 5: 
Reaction rate will increase by a factor of 25 (5 x 5 = 25). 


7.53 АП 5,2 reactions proceed with backside attack of the nucleophile. When nucleophilic attack 
Occurs at a stereogenic center, inversion of configuration occurs. 


а PN + OCH; -- E + Cl inversion of configuration 
H D Нн» 
О 
b. a + OCH;CHs == xn аа а ur 


No bond to the stereogenic center is broken, 
because the leaving group is not bonded to 
the stereogenic center. 
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©: (== + CN ———- уне + Br inversion of configuration 


~ S 


SY № 


[* denotes а stereogenic center] 


7.54 
CF3 CF3 CF3 
^n, ^n, H ^n, 
M CF . CF3 о К à СЕз 
NETS о. о Y о о 
К E 2-2 $ 
тып СІ | 
< || 1 ~ leaving N 
H group 
к F HN F 
+ 
o= „М 
CO37- È aprepitant 
7.55 
7o H H 
< маон М [O] М 2 
+ M 2— S N— 2— S N— 
2 СІ ~ N m: N 
N _ \ / Е \ / 
These atoms come from 
the nucleophile. о- omeprazole о- 
N 
During the reaction, NaOH 
M- Cx 2 SH removes the SH proton, to form a 
о М stronger nucleophile. 
7.56 
СІ leaving group с! leaving * 
C 2 : . ад 
ла А ус QA 
м САН М TN M шг: rk 
0, Xe он KOC(CH3)s б Ома 


N CH3)3COH 
O C ) (СНз)з о О after loss of proton 


after loss of proton 
Ga CI 
1 
О OH 


P: cetirizine 
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7.57 For carbocations: Increasing number of R groups - Increasing stability. 


1% carbocation 


1% carbocation 2? carbocation 3? carbocation 
least stable intermediate most stable least stable 
stablity 


oe се 


3% carbocation 


2% carbocation 
most stable 


intermediate 
stablity 


7.58 Both A and B are resonance stabilized, but the N atom in B is more basic and therefore more 


willing to donate its electron pair. 


404--О 
ШЕТ 


Y 

B N: ----- М + 

\ \ 
H H 


more basic This resonance form stabilizes the carbocation more than 
the equivalent resonance structure for A. Thus, B is more 


N atom 
stable then A. 


7.59 


5,1 only 
А * I 
b. Energy diagram: 


(Ан 


Energy 


С 


me 
I p. din 
+ 


Step [1 ema тт Step [2 
a. Mechanism: ха“ + њо Stenli, bd + Њо _Step [2] 
I 


о Ey nee nh eat m AH" overall -0 


Reaction coordinate 


c. Transition states: + 
: гон 


d. Rate equation: rate = k[(CH,),CICH,CH,] 
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e. [1] Leaving group changed from I to CI : rate decreases because Г is a better leaving group. 
[2] Solvent changed from H,O (polar protic) to DMF (polar aprotic): 
rate decreases because polar protic solvent favors 5,1. 
[3] Alkyl halide changed from 3? to 2°: rate decreases because 2° carbocations are less 
stable. 
[4] [R-X] and [H,O] increased by factor of five: rate increases by a factor of five. (Only the 
concentration of R-X affects the rate.) 


7.60 


,OCH2CHs CH3CH20, 
+ 2 + HBr 


H20 


ABT 
8: + CH3CH50H 
Вг 
b. am * 


7.61 The 1? alkyl halide is also allylic, so it forms a resonance-stabilized carbocation. Increasing the 
stability of the carbocation by resonance increases the rate of the 5,1 reaction. 


СОЗ + ч 
„Ту МС өң > 3 —— Pasa T Br 


resonance-stabilized carbocation 


Use each resonance structure individually to continue the mechanism: 


> РЕ 7 сн 
ӨЗӨН: => WG SS cH, + HBr 
| 
С ^н 
:Вг 
CoN Си 
ы BH 3 m 
Beste Осн; 
да — rw №. =; жа Ы НВг 
сњон 
7.62 
Bep Br с 
^ 9 f? alkyl bromide 
Br <——Br better leaving group than CI 
3° аку bromide eu о reacts fastest іп 5,2 
most substituted alkyl halide 
reacts fastest in 511 plocamenol A 
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7.63 


Br 


A B с 

Vinyl halides like А do not react by either ап 5,1 or 5,2 mechanism. With 5,2, the rate is 
3° < 2? < 1°, and with 5,1, the rate is 1° < 2? < 3°. 

а. 5,2геаспуйу: А < C < B 

b. 5,1 reactivity: A < B < C 


7.64 


Br = CN 5 
" " CN * Br 


acetone 


1° alkyl halide 
512 only 


+ ~OCH3 + Br reaction at a stereogenic center 


DMSO inversion of configuration 


2° alkyl halide strong nucleophile 
5,1 апа 5,2 polar aprotic solvent 
Both favor 5,2. 


Br OCH3 


3° alkyl halide 
5,1 only 
Nera NZ 
d. H + | CH3CO;H 2 F + HI reaction ata stereogenic center 
1 05CCH3 O3CCH3 racemization of product 


2% alkyl halide Weak nucleophile 
5,1 апа 5,2 favors 5,1. 


e IT + OCH2CH3 SS. + Br reaction at a stereogenic center 
Br DMF "'OCH2CH3 inversion of configuration 


2° alkyl halide strong nucleophile 
5,1 and 542 polar aprotic solvent 
Both favor 5,2. 


cl OCH;CHs OCH3CHs 


+ СНзСН>2ОН — + HCI two products—diastereomers 
Nucleophile attacks 
from above and below. 


тһ 


2% alkyl halide Weak nucleophile 
5,1 and 5,2 favors 5,1. 
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7.65 Ап 5,1 mechanism means the reaction occurs in a stepwise fashion by way of a carbocation. 


H 
о | 
о. „М. „О 
- - H, Р-О 
о О N 
NE - eee ps | о — D ANS „г 
xd о | -О—РР 
HO он HO он О т ОО 9 
Á + -o-PpP B 
ji 
о NA „О 
rey 
pipi 
mM de o 
но оно 
с + но-ЖШ 
7.66 


diphenhydramine 


7.67 First decide whether the reaction will proceed via an 5,1 or 5,2 mechanism (Answer 7.34), and 


У 


then draw the mechanism. 


: Br: 
I2 X 
£x TS + OCH2CHs 
КЕ dd К. р ed 
3% alkyl halide can attack from 
$м only above or below | 
OCH3CHs 
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7.68 
s us 
о Ы (ms О 
он 
+ Br. 
+ H20 ©: 
"Br nd | 
C7H1002 
m group 
7.69 
: Br: H H : Br: H 
| ы с. S | ^ 
res “сна соз” | = E `снз ~ а: 
5 —— C0377 
Zz Br Р > CH, 3 
5 M N + Br 
+ HCO3 E 
МаНСОз + NaBr + 
nicotine 
7.70 


a. Two diastereomers (C and D) are formed as products from the two enantiomers of A. 


А .. о 
UT H2N MD Tic 
| "e (CH3CH32)3N 


an nucleophile 
group 


М о о 
c + B omy T 
(CH3CH>)3N > 
A 
SUA о о 
ort < 


Because both stereogenic centers in D have the 
S configuration and the corresponding 
О stereogenic centers in quinapril are also S, D is 
IL needed to synthesize the drug. 
SN 


Both have the S 
configuration 


quinapril 
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7.71 
È m CH3NH2 b 
(UE ia З 
Се оо г === а кл S po wq n +  CHsNHs 
=. CH3 CH3 
+ “СІ | 


N: N-CH CH3NH М NS CHNHS , TU 
s . — 3 t 3 3 —— g ~ tee 
D MN ЖАН A SGP 


7.72 In the first reaction, substitution occurs at the stereogenic center. Because an achiral, planar 
carbocation is formed, the nucleophile can attack from either side, thus generating a racemic 
mixture. 


3% alkyl halide 


| сын RN two steps 
PER 5м bu iB ho edd 
Br ~ OCH; 


(R)-6-bromo-2,6-dimethylnonane + Br as 


achiral, 
planar carbocation Rx dud 
OCH; 


racemic mixture 
optically inactive 


In the second reaction, the starting material contains a stereogenic center, but the nucleophile does 
not attack at that carbon. Because a bond to the stereogenic center is not broken, the configuration 
is retained and a chiral product is formed. 


configuration 


CN OCH3 4 retained 
aliod еже ере ANA 
5м | * Br 


Reaction does not occur at the optically active 
stereogenic center. 


io halide 
ES 


(R)-2-bromo-2,5-dimethylnonane 


7.73 


The nucleophile has replaced the leaving group. 
a. PM P Missing reagent: 
Ко 
а : А 
The nucleophile has replaced the leaving group. 
b. Missing reagent: _ 
С-СН 


-SH 
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N 
> The nucleophile has replaced the halide. 
Starting material: СІ 


SH Тһе nucleophile has replaced the halide. 
Starting material: 


wel The leaving group must have the opposite 
orientation to the position of the 
nucleophile in the product. 


7.74 To devise a synthesis, look for the carbon framework and the functional group in the product. The 
carbon framework is from the alkyl halide and the functional group is from the nucleophile. 


a. Aada 


carbon 
framework group 


b. ANF ORAN, 


carbon functional 
framework group 


с. ZEN 


carbon functional 
framework group 


OTAN 
d. 
© functional 


group 


carbon 
framework 


or 


[9] SG 
CY carbon 
framework 


functional 
group 


e. „О 


сагроп о 
framework 


functional 
group 


functional 


EN Ма” SH pe 


Ма OL LAL 


А „ч 


( y gl Nat Ом э ы 


2? halide 
о Ма’ 
ГІ О This path is preferred. 
CI И е“ The strong nucleophile favors 
ап 542 reaction so an unhindered 
19 halide Т alkyl halide reacts faster. 
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7.75 


Я - 


ШЕТІ Ci T preferred method 
О: Na сњ—1 OCH3 The strong nucleophile favors 542 
A reaction, so the alkyl halide should 


D be unhindered for a faster reaction. 


unhindered methyl halide 


7.76 


ANON Br 
NaH = 
H-C=C-H - H-C=C BN ара Pn Х 
A B SS 
+ H 
E | NaH 
а ако он | + He 
С 
ик о Br 
addition of H5 
л M E te Sh 
(1 equiv) 
D 
muscalure 
7.77 
ашписатпе methylamine This electron pair is more hindered 
by the three CH2CH3 groups. 
The three alkyl groups are "tied back" igre y RACER 

in a ring, making the electron pair These bulky groups around the N cause steric 
more available. УА! hindrance and this decreases nucleophilicity. 


| 


This electron pair on quinuclidine is much more available than the one on triethylamine. 


less steric hindrance 
more nucleophilic 
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7.78 
ʻO: с? О: 
р ру [1] СЙ 
H LA -————- + H2 
ra „СН 
ir О 5 
CH3— Br 
[2] 
= ЕЕЕ minor product 
:0: :0: 
CH3 
СНз — Br [2] 
— major product 
7.79 
Br s 
a. ES 
OH base Өт 
intramolecular 
b. OH 20: Рр 
base | 
Вг E intramolecular 
512 
с. Вг C Br 
base ( ү 


intramolecular 
3% alkyl halide 5,2 
harder reaction 


OH Or 
í 
base 
Br ———_—_ Br 
iv | 
intramolecular 


3% alkyl halide 512 
harder reaction 


+ 


NaBr 
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7.80 
СІ bonded to sp? C — E. 
cannot undergo 5,1. Ex Т = 
:СІ СІ: А5 
О Cl: (1 equiv) 


7.81 


J 


(S)-t-phenylpropan-1-ol 
[a] = -48 


:Cl 


(R)-t-phenylpropan-1-ol 
[a] = +48 


Cl bonded to sp? C 
No resonance stabilization is possible for 
the carbocation formed here. 


a CI bonded to sp? C 


Resonance-stabilized carbocation forms. 
best for 5,11 


Cl: "IE 
" poc od -- г Тен 
бер снаон 5 


[a] mixture 
ee = 


x 100% 
[a] pure enantiomer 


+ 


x 100% = 10.% excess of R isomer 
+48 


90% racemic mixture = 45% R and 45% 5 
Total R isomer = 45 + 10 = 55% R isomer 


b. The К product is the product of inversion and it predominates. 


S 
retention 


H OH 


R 
inversion 


c. The weak nucleophile favors an 5,1 reaction, which occurs by way of an intermediate 
carbocation. Perhaps there is more inversion than retention because Н,О attacks the 
intermediate carbocation while the Br leaving group is still in the vicinity of the carbocation. 
The Br would then shield one side of the carbocation and backside attack would be slightly 
favored. 
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Chapter 8 Alkyl Halides and Elimination Reactions 
Chapter Review 
A comparison between nucleophilic substitution and Q-elimination 


Nucleophilic substitution—A nucleophile attacks a carbon atom (7.6). 


“Cx + № — о Nu * XO 
good 


ccn leaving group 
3-Elimination—A base attacks a proton (8.1). 
CON 
B: H = 
` (die X M. good 
elimination leaving group 
product 
Similarities Differences 
e Inboth reactions RX acts as an e Insubstitution, a nucleophile attacks a 
electrophile, reacting with an electron-rich single carbon atom. 
reagent. e In elimination, a Brgnsted—Lowry base 
e Both reactions require a good leaving removes a proton to form a т bond, and 
group X: willing to accept the electron two carbons are involved in the reaction. 
density in the С-Х bond. 


The importance of the base in E2 and E1 reactions (8.9) 


The strength of the base determines the mechanism of elimination. 
e Strong bases favor E2 reactions. 
10H | T " 
= + H20: + Вг: 


e Weak bases favor El reactions. 
strong base 
E2 product 
Br 


H20: + ae 
+ Но: + Вг: 
weak base 


E1 product 
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E1 and E2 mechanisms compared 


E2 mechanism 


E1 mechanism 


[1] Mechanism e 


[2] AIkyl halide • 
[3] Rate equation e 
e 


[4] Stereochemistry 


one step (8.4В) 


rate: КСХ > R,CHX > 
ВСНХ (8.440) 

rate = k[RX][B:] 
second-order kinetics (8.4A) 


anti periplanar arrangement 


two steps (8.6B) 


rate: КСХ > КСНХ > 
КСН,Х (8.6С) 

rate = k[RX] 

first-order kinetics (8.6A) 
trigonal planar carbocation 


of H and X (8.8) 


intermediate (8.6B) 


[5] Base e favored by strong bases e favored by weak bases 
(8.4B) (8.6C) 

[6] Leaving group e better leaving group — e better leaving group — 
faster reaction (8.4B) faster reaction (Table 8.4) 

[7] Solvent e favored by polar aprotic e favored by polar protic 
solvents (8.4B) solvents (Table 8.4) 

[8] Product ө more substituted alkene e more substituted alkene 


favored (Zaitsev rule, 8.5) 


favored (Zaitsev rule, 8.6C) 


Summary chart on the four mechanisms: 5,1, 5,2, Е1, and Е2 (8.11) 


Alkyl halide type Conditions Mechanism 

1° КСН,Х strong nucleophile 5,2 
strong bulky base E2 

2° ВСНХ strong base and nucleophile 5,2 + E2 
strong bulky base Е2 

weak base and nucleophile S,1 + El 

3° R,CX weak base and nucleophile S,1 + EI 
strong base Е2 


Zaitsev rule 


e Q-Elimination affords the more stable product having the more substituted double bond. 
e Zaitsev products predominate in E2 reactions except when a cyclohexane ring prevents trans ахла] 


arrangement. 
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Practice Test on Chapter Review 


1. Which of the following is true about ап ЕІ reaction? 
1. The reaction is faster with better leaving groups. 

The reaction is fastest with 3? alkyl halides. 

The reaction is faster with stronger bases. 

Statements (1) and (2) are true. 

Statements (1), (2), and (3) are all true. 


ud зый уы 


2. Consider the 5,2 and Е1 reaction mechanisms. What effect on the rate of the reaction is observed 


when each of the following changes is made? Fill in each box of the table with one of the following 
phrases: increases, decreases, or remains the same. 


Change 5,2 mechanism E1 mechanism 

а. The alkyl halide is changed from (CH,),CBr to 
СН,СН,СН,СН Вг. 

b. The solvent is changed from (CH,),CO to 
CH,CH,OH. 

c. The nucleophile/base is changed from OH to 
Н,0. 

d. Тһе alkyl halide is changed from СН,СН,СІ to 
СН.СНЛ. 

e. Тһе concentration of the base/nucleophile is 
increased by a factor of five. 


3. Rank the following compounds in order of increasing reactivity in ап E2 elimination reaction. 


Rank the most reactive compound as 3, the least reactive compound as 1, and the compound of 
intermediate reactivity as 2. 


AY aie с. 


Вг 
А 


4. Draw the organic products formed in the following reactions. 


CI 
+ KOH с. Th K* -OC(CH3)s 
we 
Я "Вг NaOCH3 
NaNH; п == 
(ехсеѕѕ) 


о 
5 
E: 
о. 
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5.а. ЕШ in the appropriate alkyl halide needed to synthesize the following compound as a single product 
using the given reagents. 


е Kt -OC(CH3)s © 
н “е 


b. What starting material is needed for the following reaction? The starting material must yield product 
cleanly, in one step without any other organic side products. 
K* -OC(CH3s 


D 


CH3CH2CH = CHCH3 
(cis and trans mixture) 


6. Draw all products formed in the following reaction. 


сі CH3OH 
О) 


Answers to Practice Test 


1.4 4 5. 


; 6. 
СІ 
Я + а. И ут 
“с 
. —= ( ) РЕТ 
с. decreases same ^ 
d. increases increases Br 
e. increases same E [UL (or Cl or I) ~» 
ЗА s 


3. A-2 


В-1 d. m OCH3 
C-3 Е 
8.1 • Тһе carbon bonded to the leaving group is ће о carbon. Any carbon bonded to it is а (3 carbon. 


• To draw the products of an elimination reaction: Remove the leaving group from the 
о carbon and a H from the В carbon and form a т bond. 


2s. 092 El 
а. increases decreases 


b. decreases increases 


Answers to Problems 


K*-OC(CH3)s 


а 
а. Ln ес “мл 
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K*"OC(CH 
Р. CONS ч. 5 + CH3CH=C(CH3)CH2CH3 


pa = 
с. Вг K 'OC(CH3)s en | СТ 
Pi 


8.2 Alkenes are classified by the number of carbon atoms bonded to the double bond. A 


monosubstituted alkene has one carbon atom bonded to the double bond, a disubstituted alkene has 
two carbon atoms bonded to the double bond, etc. 


4 C's bonded to С-С 


tetrasubstituted 2 C's bonded to each С-С 


| disubstituted 


OH 


a. b. 
3 C's bonded to each С-С vitamin Оз 
trisubstituted 
vitamin A 
3 C's bonded to each С-С 
trisubstituted 
| 2 C's bonded to the С-С 

но“ disubstituted 


8.3 To have stereoisomers at a С=С, the two groups on each end of the double bond must be different 
from each other. 


two CH3 groups 
no stereoisomers 


А two different groups 
possible 


on both ends 
VES Ex z^ stereoisomers 
абу Ж Sus possible 
a. ^ OH b. SS fi OH с. Б \ 


two СНз groups two different groups on both ends two identical groups on one end 
no stereoisomers stereoisomers possible no stereoisomers 
possible possible 


8.4 


2 СНз'ѕ on —— 
a; one end ш. PA 


2 H's on one end 


Only this C-C exhibits stereoisomerism. 


b. A diastereomer has a different 3-D arrangement of groups but the carbon skeleton and the 
double bonds must stay in the original positions. 


2 
SS 2 


diastereomer different arrangement of groups 
around this double bond 
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8.5 Two definitions: 
« Constitutional isomers differ in the connectivity of the atoms. 
е Stereoisomers differ only in the 3-D arrangement of the atoms in space. 


— NOUN 
a. tn and “о c. UNES and 
| но сі5 
different connectivity of atoms 2 пап 
constitutional isomers different arrangement of atoms in space 


stereoisomers 


b. POSES аа GORA OS а. es m 


trans trans . m 
identical different connectivity of atoms 
constitutional isomers 


8.6 Two rules to predict the relative stability of alkenes: 
[1] Trans alkenes are generally more stable than cis alkenes. 
[2] The stability of an alkene increases as the number of R groups on the C=C increases. 


a. M or СВЕ b. Cy or Т 


Ші мыз diem trisubstituted disubstituted 
more stable 


8.7 Stability increases with increasing alkyl substitution. 


кеденде: 


trisubstituted monosubstituted disubstituted tetrasubstituted 


Order of stability: В < C < А < D 


8.8 Inan E2 mechanism, four bonds are involved in the single step. Use curved arrows to show these 
simultaneous actions: 


[1] The base attacks a hydrogen on a (3 carbon. 
[2] А п bond forms. 


[3] The leaving group comes off. 


transition state: 


2% 
5! : Br: ДЕ 


dim * 


NE A new л bond ИЕ 
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8.9 In both cases, the rate of elimination decreases. 


stronger base better leaving group 
faster reaction faster reaction 
_ 4 ! | 
а CH3CH?;—Br + ОС(СНа)з --- b. CH3CH?—Br +  OC(CHgs = 
CHCH;—Br + Оон = СнзСн;—С\ + ОЗОН; = 


8.10 As the number of R groups оп the carbon with the leaving group increases, the rate of ап Е2 
reaction increases. 


a. Qi UE Tw d ae 


1° alkyl halide . 2'alkylhalide — 3% alkyl halide 
least reactive intermediate reactivity most reactive 
CI А 
b. 
CI 
f? alkyl halide 2* alkyl halide 3% alkyl halide 
least reactive intermediate reactivity most reactive 


8.11 Use the following characteristics of an E2 reaction to answer the questions: 
[1] E2 reactions are second order and one step. 
[2] More substituted halides react faster. 
[3] Reactions with strong bases or better leaving groups are faster. 
[4] Reactions with polar aprotic solvents are faster. 


Rate equation: rate = k[RX][Base] 

a. tripling the concentration of the alkyl halide — rate triples 

b. halving the concentration of the base — rate is halved 

c. changing the solvent from СН,ОН to DMSO = rate increases (Polar aprotic solvent is better 
for E2.) 

d. changing the leaving group from I to Br — rate decreases (I is a better leaving group.) 

e. changing the base from OH to Н,О- rate decreases (weaker base) 

f. changing the alkyl halide from CH,CH,Br to (CH,),CHBr = rate increases (More substituted 
halide reacts faster.) 


8.12 According to the Zaitsev rule, the major product in a Q-elimination reaction has the more 
substituted double bond. 


Бан 
а. ------: — = + 
У loss of H and Br 


trisubstituted (* stereoisomer) 
major product disubstituted 
minor product 


Chapter 8-8 
Вг 
p= zm Me 
loss of H and Br 
trisubstituted tetrasubstituted disubstituted 
minor product major product minor product 


С: PU ci Toc “т ч + OE 
loss of H and Cl 
(+ stereoisomer) 


monosubstituted 
minor product disubstituted 
major product 
trisubstituted 
Эра Нанте of H and СІ ONLY product 


8.13 An El mechanism has two steps: 
[1] The leaving group comes off, creating a carbocation. 
[2] А base pulls off a proton from a В carbon, and a т. bond forms. 


$ [1] үз ~ . Р] " _ 
box ЗОВИ + M A M ee d + сњоњ + а 
с! 


transition state [1] 5+ t transition state [2]: ò+ t 
yd = 
Сї: ò- 25 
H^ 5+ CH3 


8.14 According to the Zaitsev rule, the major product in a Q-elimination reaction has the more 
substituted double bond. 
B2 < 
а; mM DELE к T 5 
Br PI E1 


(* stereoisomer) 


trisubstituted disubstituted 
major product 


P2 | 


tetrasubstituted disubstituted trisubstituted 
major product 


8.15 Use the following characteristics of an E1 reaction to answer the questions: 
[1] E1 reactions are first order and two steps. 
[2] More substituted halides react faster. 
[3] Weaker bases are preferred. 
[4] Reactions with better leaving groups are faster. 
[5] Reactions in polar protic solvents are faster. 


о о Бый 
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Rate equation: rate = k[RX]. The base doesn’t affect the rate. 
a. doubling the concentration of the alkyl halide — rate doubles 
b. doubling the concentration of the base - no change (The base is not in the rate equation.) 
c. changing the alkyl halide from (CH,),CBr to CH,CH,CH,Br = rate decreases (More substituted 
halides react faster.) 
d. changing the leaving group from CI to Br — rate increases (better leaving group) 
e. changing the solvent from DMSO to CH,OH = rate increases (Polar protic solvent favors El.) 


8.16 Both 5,1 and El reactions occur by forming a carbocation. To draw the products: 
[1] For the S,1 reaction, substitute the nucleophile for the leaving group. 
[2] For the E1 reaction, remove a proton from a D carbon and create a new т bond. 


leaving | 
group: nucleophile 5ң1 product 


and base E1 products 


A Б^ 6. буе 


| nucleophile 6 4 
leaving and base 541 product E1 products 


group 


8.17 The E2 elimination reactions will occur in the anti periplanar orientation as drawn. To draw the 
product of elimination, maintain the orientation of the remaining groups around the С=С. 


снзсн:0:—у 
CeHs 


H 
VN Н | 
а. C—C — — $e == Тһе two benzene rings remain on 
сн,“ N opposite sides of the newly formed 
3 / да Вг С=С. This makes them trans. 
CeHs 
The two benzene rings are 


anti in this conformation (one 
wedge, one dashed wedge). 


diastereomers 


.CeHs == f \ 
SAH ( › < ) 
b. pM. - \ { — The two benzene rings remain 


СЕН ~, N on the same side of the newly 
uc E formed C-C. This makes them cis. 
3 


The two benzene rings are gauche in this 
conformation (both drawn on dashed 
wedges, behind the plane). 
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8.18 Note: The Zaitsev products predominate іп E2 elimination except when substituents on а 


cyclohexane ring prevent a trans diaxial arrangement of H and X. 


axial H's 


L 
Е two 


а. conformations CH; НЕНСНЗ = н 


H CI 


Use this conformation. 


It has CI axial and 
two axial H's. 


В H 
4 
a CH 
= (CH3)2 
CH 

CH3 H CH(CH3)2 OH 3 Т 

H H H 

H CI 
[loss of H(B2) + CI] 
Bo A 


| re-draw 


NN 


disubstituted 


two different axial H's 


H CH(CH3)2 
B 


H CH(CH3)2 
CH3 4 
Н 
$ H 
[loss of H(8) + CI] 


| re-draw 


trisubstituted 
major product 


H CH3 
К two H CI 
conformations CH(CH Еа 
о O ме“ снз ас СН == нд H 
H H B CH(CH3)2 
A 
Use this conformation. 
It has CI axial and 
one axial H. 
cH, P CH3 L 
| : 
H H OH H H 
“oy H H 
By CH(CH3)2 CH(CH3)2 


only one axial H [loss of Н(Ву) + СП 


оп ар carbon 


disubstituted 
only product 
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8.19 Draw the chair conformations of cis-1-chloro-2-methylcyclohexane and its trans isomer. For E2 
elimination reactions to occur, there must be a H and X trans diaxial to each other. 


Two conformations of the cis isomer: Two conformations of the trans isomer: 
CI CH3 H 
CH3 H H 
yo == H H = 
; СІ СІ «= 
H H CH 
H H H 
A 


reacting conformation (axial CI) reacting conformation (axial CI) 


This conformation is less stable than A, 
because both CH3 and CI are axial. 
This slows the rate of elimination from 
the trans isomer. 


This reacting conformation has only one group axial, 
making it more stable and present in a higher 
concentration than B. This makes a faster 
elimination reaction with the cis isomer. 


8.20 E2 reactions are favored by strong negatively charged bases and occur with 1°, 2°, and 3° 


halides, with 3° being the most reactive. 
E1 reactions are favored by weaker neutral bases and do not occur with 1° halides because they 


would have to form highly unstable carbocations. 


CI 
strong negatively WERK neutral 

charged base Bi 

E2 

I 
Br " 
p: MM NS d. + "OC(CHg = 
weak neutral strong negatively 
base charged base 
E1 E2 


8.21 Draw the alkynes that result from removal of two equivalents of HX. 


І ТАН; > ~ NH2 
a. — == с. x — ў = 
Br Br N 
CI 
T" KOC(CH3) Br б К 
КЕ NH2 
b. po paeem 4. Ns Е 
cl DMSO 
Br 
8.22 
K* -OC(CH3); 
a. Жа о NE о“ 
1° halide strong SUNY base 


512 or Е2 
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к “үч сы. “зч ь M ш” 


strong base OH 

2? halid 5,2 and E2 (* stereoisomer) 
an тера N 512 product disubstituted monosubstituted 
y major E2 product minor E2 product 


ZA 
с. І CH3CH2OH OCH2CH3 СІ” 
+ + 


weak base 


ee 5] and E1 
3* halide 5,1 product E1 product 


по 512 


а. dd d CH3CH20 a р 
СІ strong base 


E2 | 
minor 22 product 


E1 product 


3° 222 major E2 product 
no ƏN 
8.23 
3" halide 
weak base 
no Эма 5,1 and E1 
B CH30H fe 
се OCH; , + HBr 
overall 
reaction 
The steps: | | \ 
+ CH 


| 
e x 5 
. Br: 


8.24 More substituted alkenes are more stable. Trans alkenes are generally more stable than cis alkenes. 


Order of stability: 
ылыы < Ё < NANY 
B С А 
least stable most stable 


8.25 The trans isomer (E) reacts faster. During elimination, Br must be axial to give trans diaxial 
elimination. In the trans isomer, the more stable conformation has the bulky tert-butyl group in the 


more roomy equatorial position and Br in the axial position. In the cis isomer (D), elimination can 
occur only when both the tert-butyl and Br groups are axial, a conformation that is not 


energetically favorable. 
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r 
7. LE | 
slow 
r3 


This conformation must react, but it 
contains two axial groups. 


cis-1-bromo-3-tert- ИСЕ пе 


Oy слер — Ох. 


trens 
preferred conformation 


trans-1-bromo-3- ne butylcyclohexane 


8.26 Translate each model to a structure and arrange H and Br to be anti periplanar. 


H Сен CHCH2 Br 
2 6715 Е 
с СНз pied . rotate _ ‘<_< Сань Е2 , EE Ces 
| ES Mir \ с=с 
CH3CH2 H H H ae T 
H and Br 180% 
away from each other 
CH3CH> Br H | 
À > ..[otate .— n ГА СвН5 OE2 CH3CH H 
сна N СН3СН; 4 C=C 
Br / N 
H СвНь CH3 CH, inte 
H and Br 180* 
away from each other 
8.27 
Br 
Өс Т EA —————— Суы 
Вг 
i DUNT «87, ОА + И КЊ 
(+ stereoisomer) (+ stereoisomer) 


(+ stereoisomer) 


| 
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8.28 To give only one product in an elimination reaction, the starting alkyl halide must have only one 


type of (3 carbon with H's. 
a. be. 


Ва 
о 
С жү 


-О- 
В Cl 
а. жа a 


p 


Two В carbons аге 
identical. 


В 


Two f carbons аге 
identical. 


p 


8.29 To have stereoisomers, the two groups on each end of the double bond must be different from each 


other. 
Ж 2 Н5 оп опе епа 
< 
а. ~ z OH 
2 CH3's оп 
опе епа 


two different groups 
at each end 
can have 
Stereoisomers 


ы ^N 


two different groups 


at each end 
bs can have 
2 H's on Stereoisomers 
one end 


8.30 Use the definitions in Answer 8.5. 


a. and 


different connectivity 
constitutional isomers 


and < d. 


stereoisomers 


A two different groups 

on each end of each double bond 
с. All C=C's сап have 
7 N stereoisomerism. 


Pe d and E ШШ 
trans trans trans trans 
identical 


759 


stereoisomers 
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8.31 Use the rules from Answer 8.6 to rank the alkenes 


tom бо de^ 007 


monosubstituted 


A 
disubstituted tetrasubstituted 


trisubstituted 
Order D« B« A« C 


8.32 A larger negative value for AH? means the reaction is more exothermic. Because both 
but-1-ene and cis-but-2-ene form the same product (butane), these data show that but- 1-ene was 


higher in energy to begin with, because more energy is released in the hydrogenation reaction. 
but-1-ene 


cis-but-2-ene 


larger H for 


OMM 
but-T-ene 


ё` 7 + H2 
but-1-ene АН? = —127 kJ/mol 
5 higher in energy 
2 
Xf и 
= H 
* 2 М. pies саг Гн _ _ | O _ O butane 
cis-but-2-ene АН? = —120 kJ/mol smaller H’ for cis-but-2-ene 
lower in energy, more stable 
8.33 
* 
(* stereoisomer) (loss of By Н) 


(loss of B2 H) monosubstituted 


major product 
disubstituted 


DBU 
Е е only product 
О О В T О О 


Вз 
І 2 
6; он ^e " еее ит 


(+ stereoisomer) (loss of Ва H 


(+ stereoisomer) 

(loss of В; Н) (loss of 85 H) disubstituted 
major product trisubstituted 

tetrasubstituted 


Во 
а. Br 
о 


Ві 
(loss of В; Н) 


(loss of B2 H 
major as disubstituted 


trisubstituted 
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8.34 То give only one alkene as the product of elimination, the alkyl halide must have either: 
» only one |3 carbon with a hydrogen atom, or 
• all identical 8 carbons, so the resulting elimination products are identical 


type qu EEUU 


E 67 ~ о а 


BE бе — бе 
AQ MO 


a. Mechanism: by-products 


OC(CHa)s _ 


en Жажа» HOC(CHgs + ве 
ТЕСТЫ 


b. Rate = k[R-Br][ OC(CH,),] 
| Solvent changed to DMF (polar aprotic) = rate increases 
2] [ OC(CH,),] decreased = rate decreases 
Base changed to OH = rate decreases (weaker base) 
Halide changed to 2? — rate increases (More substituted RX reacts faster.) 
Leaving group changed to I — rate increases (better leaving group) 


| 
[4 
[5 


л: Аа ӘӘ 


а. ——- Ж b. рова —— Sy TM 
СІ trans isomer more stable 


major product 
trans isomer more stable 
major product 


се— ax oo 


tetrasubstituted trisubstituted disubstituted 
major product 


8.37 
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wt p но EN m 


trisubstituted disubstituted 


This isomer is more stable— 
large groups farther away. 
major product 


ара + ы 
disubstituted trisubstituted 
major product 


trisubstituted 


c. dd di 


8.38 Reactivity in both E2 and E1 reactions increases with increasing alkyl substitution. Better leaving 


groups increase reaction rate. 
Вг” is a better leaving group. 


Br 3° 
eeu | | oe e wee 
° 1 
" СІЗ 
А В с D 


ForbothE2 +Е1: р < А < В < C 


8.39 Use the rules from Answer 8.20. 


— OCH; 


а. EST 974 Ж әс Ж” 
B strong base m 
+ 
r E2 (* cis isomer) 
2" halide 
b. С Еос P: d * ж 4 
weak base (eee ) 
сіз isomer 
Вг Е1 
2° halide 
| ~ OC(CH3)3 
УМУ ОИ, 
© strong base x 
1 halide E2 
H20 
d. T + + 
а weak base 
3° halide El 
"он 
е. СІ 
strong base 
2° halide E2 
“он | | | | 
f. а: 
strong base 
E2 
2° halide € 
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8.40 


In a ten-membered ring, the cis isomer is more stable and, 


BI therefore, the preferred elimination product. The trans 
n isomer is less stable because strain is introduced when two 
ends of the double bond are connected in a trans 


arrangement in this medium-sized ring. 
bromocyclodecane cis-cyclodecene 


8.41 H and Br must be anti during the E2 elimination. Rotate if necessary to make them anti; then 


eliminate. 
CH3 
a. CgHs Br C6H5 CH3 
E2 CH3 CH2CH3 
H CH2CH3 
CH3 
Br Br 
b H CH3 CH3 CH2CH3 CsHs CH3 
rotate E2 CH3 CH2CH3 
СНБ CH3 C6H5 CH3 
CH2CH3 H 
CgHs СеН5 
СНз H H CH2CH3 
с. C6H5 CH2CH3 
CH3 Br rotate CH3 Br E2 CH3 CH3 
CH2CH3 CH3 
8.42 
H axial 
CI мо chair H " СІ 
conformations 
a. CY Jobe seer -н а H ————- (CH3)2CH H н «| Choose this conformation. 
“е, H axial CI 
: CHs н CH 
= CH3)2CH B 3 
ТУЫ ( 3)2 A 
H 


(СНз) СН H н + (CH3)2CH кез т С only product 
H Ш 
сна" : 


үс 


one axial H 
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el two chair H H axial 
b. conformations CH3 СІ 
„з. т > H cH occus et иу н = Choose this conformation. 
ч H 
B 


E H axial CI 
У (CH3)2CH H 
H 
Cl B2 
CH3)2CH 
(CH3)2 сн; РА H + (CHCH + (CH3)2CH 
pe H CH3 CH3 
" H H H 
two axial H's (loss of B. H) (loss of B5 H) 
major product 
trisubstituted 


| re-draw | re-draw 


S08 


8.43 To react by E2, the Br must be axial and this can only happen in the trans isomer when the large 
tert-butyl group is also axial, an energetically unfavorable conformation. 


Sr =s | 
Вг 


trans isomer two axial groups 
two equatorial groups highly destabilized 
more stable conformation 


The cis isomer has an axial Br in its more stable conformation that keeps the large tert-butyl group 
equatorial. As a result, the cis isomer reacts faster. 


Br pon 
У 27 Eg Br 


cis isomer 
more stable conformation 
axial Br 
8.44 
H JH H, H H H H H 
a » CH3 CH3 ~ с C CH me ЭЯ СНз 
; „С= 6 =C., 3™C-C. SCC 
CH3CH~ 1 tai a У ' CH2CHs V СНз сна" 
ONE cH, (© а CH3 c сњена сњењ (© 
с2 А enantiomers B с enantiomers р 
2-chloro-3-methylpentane 
—HCI -НСІ -НСІ -НСІ 
Н and Cl are arranged anti in 
each stereoisomer, for anti 


periplanar elimination. 


Тат бы 


identical 


identical 
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b. Two different alkenes are formed as products. 


c. The products are diastereomers: Two enantiomers (А and B) give identical products. A and B 


are diastereomers of C and D. Each pair of enantiomers gives a single alkene. Thus, 
diastereomers give diastereomeric products. 


8.45 
H 
a. No E2 reaction occurs. 
В В No H trans to Br on ар carbon. 
Br 
H 
Вэ 
b. base 7 = 
Pi ӛз 
Вг 
trans Н оп В2 carbon 
H H 
Br 
c. base - 
By 2 
trans H on f; carbon 
8.46 


H and CI must be trans on adjacent carbons. 


Ны and Cl trans. 


Hg and CI trans. 


СІ is cis to Hp so that elimination 


СІ is cis to He so that elimination 
of Hp апа CI cannot occur. 


of He and CI cannot occur. 


МУ 
е. C ar | СІ Either stereoisomer gives the desired alkene. 
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8.47 Each alkyl chloride must be drawn to place a H on the 9 carbon anti to the leaving group СІ. 
Rotate around the C-C bond for anti periplanar arrangement. 


zH a go 
KA p wb s = 
на > a ? 
A 
H CI = 
а % қ = 
KL “төгіс ^W LA, T 
на 128 
B 


8.48 
СІ NaNH3 
a. — == 
а excess 
Br 
NaNH 
b. Br : 2 
ехсеѕѕ 
NaNH; 
с. ----- E * — 
po (excess) N 
CI CI 
CI 


C- 
Ф 
x Е 
о! 2 
$ I 


CI 
8.49 
Br 
Br Br 
a == ог 
Вг 
Вг Br Br 
Br 
Br 
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8.50 


S —— — = + снэсн=с=сн> + ша 


с 
5р 5р 5р 


2,3-dibromobutane 
A B 


8.51 Use the "Summary chart on the four mechanisms: 5,1, 5,2, El, or E2" on p. 8-2 to answer the 


questions. 

а. Both 5,1 and E1 involve carbocation intermediates. 

b. Both 5,1 and ЕІ have two steps. 

с. 5,1, 5,2, El, and E2 all have increased reaction rates with better leaving groups. 

d. Both 5,2 and E2 have increased rates when changing from СН,ОН (a protic solvent) to 


(CH,),SO (DMSO—an aprotic solvent). 
е. Іп 5,1 and El reactions, the rate depends only on the alkyl halide concentration. 
f. Both 5,2 and E2 are concerted reactions. 
g. СН,СН,Вг and NaOH react by an 5,2 mechanism. 
h. Racemization occurs in 5,1 reactions. 
i. In S.1, El, and E2 mechanisms, 3° alkyl halides react faster than 1° or 2° halides. 
j- E2 апа 5,2 reactions follow second-order rate equations. 


8.52 
Br |. OC(CH3) 


a. IINE. ~ 
sterically 


hindered base 


1 halide 
512 ог E2 Е2 
І ~OCH2CH3 OCH3CH3 
b. 
strong 
1° halide nucleophile 
5,2 ог E2 512 
а CI 


мн» 
St (2 equiv) | | mm N 


strong base 


dihalide 
Br 
d. DBU 
sterically 
1 halide Шаа 
542 ог E2 
N4 Or E2 
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~ OC(CH3)s 
e. ——————- * 
sterically 


Br hindered | 
2° halide base major product 
5,1, 5қ2, E1, E2 Е2 
Вг OCH2CH3 
CH3CH>0H 24 
f. + $ 
weak base 
3° halide 541 product E1 products 
по 512 
Вг 
Вг 2 NaNH2 
9. > == 
diahlide 
h die «бі H20 A S n P x Жо 
СІ weak base OH 
3* halide 5,1 product (* stereoisomer) E1 product 
по 512 E1 product 


8.53 
Qu 


Br 
To get the substitution product the mechanism must be 5,1, 
so a weak nucleophile like CH3CH2OH must be used. 


3" halide 
Br 
To favor elimination, use a strong base like Ма" "ОСНҙ 
= which will cause ап E2 reaction. The trisubstituted alkene is 
favored by the Zaitsev rule. 
3" halide 
O. 
CC ој“ A strong nucleophile (Na* 'OCH2CH3) favors 512. 
1 halide 
CI 
To get elimination, a strong, bulky base like K* "OC(CH3)s is needed. 
1 halide 
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8.54 


2" halide 
5,1, 52, E1, E2 


2" halide 
5,1, 542, E1, E2 


СІ 
|. Сен 
с. 


3° halide 
по 512 


Вг 
d. Wy 
гр 


2" halide 


541, 512, E1, E2 


“он 


H OH 
BW УСКИ |. Am ЖЕ „ W^ 


512 product 


strong base 


major E2 product minor E2 product minor E2 product 


512 and E2 inversion at 
stereogenic center 
H OH 
H20 а 2 T 
weak base 
5,1 and Е1 
541 products 
+ + = 
major E1 product minor E1 product minor E1 product 
CH30 CgHs 
СН 
снҙон ыы са X 
— — M * + 
weak base 
541 and E1 
541 products E1 product 
KOH 


OH 
| Е (trans diaxial elimination of D, Br) 
йу 

D 


5142 product 
inversion at 
stereogenic center 


strong base 
5,2 and E2 
E2 product 


OCH3 


Br 
NaOCH3 | EN 
e. + + 
strong base 
512 product 


2" halide 


511, 512, E1, E2 


3" halide 
по 512 


Sn2 and EZ inversion E2 product 
22 Ж 
+ 
E2 product E2 product 


NaOCH3 


strong base 
E2 


E2 product 
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CI OH 
NaOH 2 
0. * > + 
strong base 


512 and E2 i i E2 
2° halide N 512 inversion product 
5,1, 5,2, E1, E2 
Y + Ж 
E2 product E2 product 
CH30 H20 CH30 " E 
weak base 
OCH3 Br 5,4 and E1 OCH3 OH 
2° halide ЭМ 
5,1, 5,2, E1, E2 
CH30 ЭР + CH30 + CH30 
OCH3 OCH3 
E1 E1 


CH30H 


weak base 
541 and E1 


E1 


KOH 


strong base i В 
Е2 = = z 
H 


8.56 


o 
Д Br + “OC(CHs)3  —»— [s a 


strong 
bulky base 
3° halide E2 = 


major product 
more substituted alkene 


No substitution occurs with a strong bulky base and a 3° RX. The C with the leaving group is too crowded for 
ап 542 substitution to occur. Elimination occurs instead by ап E2 mechanism. 


E1 


Chapter 8-26 


b. ^B. OCHS xX М 
1 halide strong nucleophile OCH 
5,2 = > 3 


All elimination reactions are slow with 1° halides. 
The strong nucleophile reacts by ап 542 mechanism instead. 


é [с TOH Сутте 
strong base 


; E More substituted 
3% halide T alkene is favored. 


d. OMS I Ра Реса minor product only 
а good nucleophile, ја б йы 
2" halide weak base 
5,2 favored I 
major product 


The 2° halide can react by ап E2 or 542 reaction with a negatively charged nucleophile or base. Since I~ is a weak base, 
substitution by ап 542 mechanism is favored. 


8.57 
3? halide, weak base: 
541 and E1 
CI o~ 
№ он S 
a. + + + HCI 
overall 
reaction 
The steps: | | 
ЛЫ жы не A. ре + НСІ Апу base (such as CH3CH2OH or СГ) can be used 
D 5,1 9 to remove а proton to form ап alkene. If СГ is used, 
PAST N xy E HCI is formed as a reaction by-product. If 
У TeH H СНзСН2ОН is used, (CH3CH2OH5)' is formed 
or ^ instead. 


“СІ 
K or 
t E1 
H 
:Cl 
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"ОН - 
b. СІ + + H20 + СІ 
overall 
reaction 
3% halide 
strong base 
E2 РЕМ 
СІ О = 
Each product: У DM СІ + H2Ọ + Cl 
H ње 
A ОН 
ог 
ті 
7 
Cel 
one step 


8.58 Draw the products of each reaction with the 1? alkyl halide. 


D rad ae Fach Po а 
Н > nucleophile Н * H > 
542 
с! KCN CN 
р strong 5 
Н > nucleophile H * 
5,2 


8.59 


* HBr 


TU 


DBU 
sterically o 
hindered base H * 
E2 


* HBr 


+ HBr 
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8.60 
О 
vus Qu d СНасоо is a good nucleophile and a weak base, 
good nucleophile d so it favors substitution by 542. 
О 
TU (only) 
Br о + \ The strong base gives both $42 and 
Жоу <=, e strong base gives bo м2 an 
E2 products, but because the 2° RX is 
strong base о IA somewhat hindered to substitution, 
the E2 product is favored. 
2096 80% 
8.61 


> > > 


A B с 


А is more stable than B because both carbons of the double bond in B are part of a three-membered ring. 
Because the bond angles in a three-membered ring are constrained to be 60*, the double bond, which has 
sp hybridized C's that generally have 120? bond angles, is highly strained. This makes the less 
substituted alkene А more stable than the more substituted alkene B. C is less stable than B because the 
С-Сіп C is only disubstituted. 


8.62 
с! OCH3 
CH30H 
+ F * + HCl 
осн; 
3" halide 
weak base 
51 and E1 
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с 


+ cH 
а! xm aoe OCH; 
> 
=== + а с 
HA? 
or + Ch — 


Ae cae ee 
Ооо 


8.63 E2 elimination needs а leaving group and а hydrogen in the trans diaxial position. 


CI CI CI 
Two different cl = Е СІ сі 
conformations: =—— ae CI 
CI CI 
CI CI 
This conformation has CI's This conformation has no CI's axial. 


axial, but no H's axial. 
For elimination to occur, a cyclohexane must have a H and С! in the trans diaxial arrangement. 
Neither conformation of this isomer has both atoms—H and Cl—axial; thus, this isomer only 
slowly loses НСІ by elimination. 


8.64 


H and Br are anti periplanar. СНз 


Elimination can occur. 


—HBr 


H (in the ring) and Br are NOT anti periplanar. 


Elimination cannot occur using this H. Снзо“ 
Instead elimination must occur with the 
Н on the CH3 group. -НВг 


Elimination cannot occur in the ring 
because the required anti periplanar geometry is not present. 
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8.65 


leaving group 


Нн | 
Dod 


| H 
Эм? DBN 
— > 
N overall reaction 
2 H 
о 
СІ 


Е2 
А sequence of two reactions forms the 


final product: E2 elimination opens the 
five-membered ring. Then the sulfur 
nucleophile displaces the CI- leaving group 
to form the six-membered ring. 


8.66 


нр О р 
> I Br H 
х Ѕе т 
А rotate p Zn 
a. = b. КУ, V = wy LÁ. == 
H H М 
Вг H Br 


SeOCgHs and H are on the same Both Br atoms are on the opposite sides 
side of the ring. of the C-C bond. 
syn elimination anti elimination 


8.67 One equivalent of NaNH, removes one mole of HBr in an anti periplanar fashion from each 
dibromide. Two modes of elimination are possible for each compound. 


Br 
NaNH> V i 
a. 
H 
; , loss of H from C1 loss of H from C2 
Hand Баар прада өп Cl loss of Br from C2 loss of Br from C1 
| С р 
Вг 
ORE ERES Es NaNH; т, 
Rotate to make Н bor 
and Br anti c2 
periplanar. G 
Rotate to make H | Two different rotations аге 
апа Вгап | needed. loss of H from C1 
periplanar. | loss of Br from C2 
t е; F 
H 
Br 
МАМЫ, < b. C and F are diastereomers. 
D and E are diastereomers. 
C and D are constitutional isomers. 
G E and F are constitutional isomers. 


loss of H from C2 
loss of Br from C1 


E 
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Chapter 9 Alcohols, Ethers, and Related Compounds 
Chapter Review 


General facts about ROH, ROR, and epoxides 


e All three compounds contain an О atom that is sp’ hybridized and tetrahedral (9.2). 
609 


о "o: © 
сна“ Сн сна“ ^CHs 
хх чм H` ^u 
109° 119 H H 
an alcohol an ether an epoxide 


e АП three compounds have polar C—O bonds, but only alcohols have an О-Н bond for intermolecular 
hydrogen bonding (9.4). 


о 
Н 


N © © 
«С--ді = Ты ӨӨ = H S 
н 7 p. \ ü 


hydrogen bond 


e Alcohols and ethers do not contain a good leaving group. Nucleophilic substitution can occur опу 
after the OH (or OR) group is converted to a better leaving group (9.7A). 


Ж | 
R-OH + H-Cl z—- RņJOHf + C 
= g 


strong acid | 


weak base 
good leaving group 


e Epoxides have a leaving group located in a strained three-membered ring, making them reactive to 
strong nucleophiles and acids HZ that contain a nucleophilic atom Z (9.16). 


leaving group 


co о он 
With strong nucleophiles, А A / H—OH СД / n 
Ми | «СТС», -- RE че эй. v CE 
4 ( Ne BS agg Pl. "аи 


ми | 


А new reaction of carbocations (9.9) 


e Less stable carbocations rearrange to more stable carbocations by shift of a hydrogen atom or an 
alkyl group. Besides rearrangement, carbocations also react with nucleophiles (7.12) and bases 


(8.6). 
: / i2-shift _ 
A 


(or H) (or H) 
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Preparation of alcohols, ethers, and epoxides (9.6) 


[1] Preparation of alcohols 


«јон ] ре e The mechanism is 5,2. 


e The reaction works best for CH,X and 1° RX. 


[2] Preparation of alkoxides (a Brénsted—Lowry acid-base reaction) 


R-O-H + МН —— (a-o ме + Ho 


alkoxide 


[3] Preparation of ethers (Williamson ether synthesis) 


ena Сок) efor) py e The mechanism is 5,2. 


e The reaction works best for CH,X and 1° RX. 


[4] Preparation of epoxides (intramolecular 5,2 reaction) 


в: Y f: ~ e A two-step reaction sequence: 
Ха. <> И] PN ЗА 20: [1] Removal of a proton with base forms 
Қақ > „С- С А 
“Mo » Cx an alkoxide. 
halohydrin T us [2] Intramolecular S,2 reaction forms the 
epoxide. 
Reactions of alcohols 
[1] Dehydration to form alkenes 
a. Using strong acid (9.8, 9.9) 
| | H2SO4 Ne LUE e Order of reactivity: RICOH > R,CHOH > 
Г ll Баты RCH,OH. 
DECR TsOH 


e The mechanism for 2? and 3? ROH is El; 
carbocations are intermediates and 
rearrangements occur. 

e The mechanism for 1? ROH is E2. 

e The Zaitsev rule is followed. 
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b. Using POCI, and pyridine (9.10) 


The mechanism is E2. 
No carbocation rearrangements occur. 


|] POCI, WWS 
C-C - с-с |» но 
pyridine 


~ 
• 


[2] Reaction with HX to form RX (9.11) 


R-OH + H-X —- + њо 


Order of reactivity: RICOH > R,CHOH > 
КСН,ОН. 

e The mechanism for 2° and 3° ROH is 5,1; 
carbocations are intermediates and 


rearrangements occur. 
e The mechanism for СН.ОН and 1° КОН is 5,2. 


[3] Reaction with other reagents to form RX (9.12) 


в-он + 5ОСІ; 


всі e Reactions occur with CH,OH and 1? and 22 КОН. 


pyridine Я . 
e The reactions follow ап 5,2 mechanism. 


R-OH + РВз --- 


[4] Reaction with tosyl chloride to form alkyl tosylates (9.13A) 


о 


pyridine 
R-OH + С! 5 CH > R—-O-S CH . 
ji V 2 | Г \ 2 * ф The C-O bond is not broken, so the 
configuration at a stereogenic center is 


retained. 


Reactions of alkyl tosylates 


Alkyl tosylates undergo either substitution or elimination depending on the reagent (9.13В). 


LH 
= + т . . * . % = 
| I ons e Substitution is carried out with strong :Nu , so 
u 
екін the mechanism is 5,2. 

ЕЕ 
H OTs 8 & 

B ы eL e Elimination is carried out with strong bases, 

* OTs 


so the mechanism 15 E2. 
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Reactions of ethers 


Only one reaction is useful: Cleavage with strong acids (9.14) 


R-O-R + H-X - + + нњо e With 2? and 3° В groups, the mechanism is 
(2 equiv) 
(X = Bror I) Syl. 


e With CH, and 1° R groups, the mechanism 


is 5,2. 
Reactions involving thiols and sulfides (9.15) 


[1] Preparation of thiols 


R-X + “SH --- + X e The mechanism is 5,2. 


e The reaction works best for CH,X and 1? RX. 


[2] Oxidation and reduction involving thiols 


a. Oxidation of thiols to disulfides 


Вг or I 


b. Reduction of disulfides to thiols 


Zn 
RS—SR и. о R— SH 


[3] Preparation of sulfides 


The mechanism is 5,2. 


[4] Reaction of sulfides to form sulfonium ions 


Ж қый 
RSS—-R|* X 


The mechanism is 5,2. 


The reaction works best for CH,X and 1? RX. 


The reaction works best for CH,X and 1? RX. 
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Reactions of epoxides 
Epoxide rings are opened with nucleophiles :Nu and acids HZ (9.16). 


e The reaction occurs with backside attack, 
resulting in trans or anti products. 

e With :Nu , the mechanism is 5,2, and 
nucleophilic attack occurs at the less 
substituted C. 

e With HZ, the mechanism is between 5,1 and 
5,2, and attack of Z occurs at the more 
substituted C. 


Practice Test on Chapter Review 


1. Give the IUPAC name for each of the following compounds. 
b. 
E md o ~ 


2. Draw the organic products formed in each reaction. Draw all stereogenic centers using wedges and 
dashed wedges. 


HO 


-< 
HB 
«C MEI " RU. 
(2 equiv) 
1] NaH 
B | [1] 2 [f] NaCN 
5, насын [2] H20 
но 
[2] МаОСНз oh 
3. What starting material is needed for the following reaction? 
[1] ТӘСІ, pyridine осн 
ШИ] 3 
[2] маосна 


4. What alkoxide and alkyl halide are needed to make the following ether? 


Cee. 
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Answers to Practice Test 


l.a. 3-ethoxy-2- 2 
methylhexane 


I и 
OH ұлы 
b. 4-ethyl-7-methyl- «ОН 
octan-3-ol "и е е. d 
Б См 
OCH,CH3 


D H 


RS 


OCH3 


А р 
+ 
о 
(+ stereoisomer) 


Answers to Problems 


9.1 Alcohols are classified as 1°, 2°, or 3°, depending on the number of carbon atoms bonded to the 
carbon with the OH group. Five ether oxygens are circled. 


3? alcohol 
H 


OH 


2° alcohol 


9.2 To name an alcohol: 


[1] Find the longest chain that has the OH group as a substituent. Name the molecule as a 
derivative of that number of carbons by changing the -e ending of the alkane to the suffix -ol. 
[2] Number the carbon chain to give the OH group the lower number. When the OH group is 


bonded to a ring, the ring is numbered beginning with the OH group, and the “1” is usually 
omitted. 


[3] Apply the other rules of nomenclature to complete the name. 


a [n ER M [2] ZS 9H [3] 3,3-dimethylpentan-t-ol 


5 carbons - pentanol | | 
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b. m oe [2] CX <—2-methyl [3] cis-2-methylcyclohexanol 
OH \ 


OH 


6 carbon ring = cyclohexanol 1 


<— 6-methyl 


| 
с. ОШ] он [2] OH 


A A 


5-ethyl 


OH OH 
4 
а Ш [2] 3 [3] 4-isopropyl-5-methylheptan-3-ol 
5 


7 carbons - heptanol 


[3] 5-ethyl-6-methyInonan-3-ol 


9 carbons - nonanol 


| | | | 
e. [t] ағыта он [2] 4 3 2 OH ІЗІ 2,4-dimethylhexane-1,3-diol 
| | 
он он 
6 carbons = hexanediol 


4 [1] ~ [2] У [3] 3-tert-butyl-4-ethylcyclohexanol 


6 carbon ring = cyclohexanol 


9.3 To work backwards from a name to a structure: 
[1] Find the parent name and draw its structure. 
[2] Add the substituents to the long chain. 
a. 7,7-dimethyloctan-4-ol c. 2-tert-butyl-3-methylcyclohexanol 
OH 


AME 


b. 5-methyl-4-propylheptan-3-ol 


он 


d. trans-cyclohexane-1,2-diol 


OH OH 
1 | КОЈЕ » C 
3 „ 
он 


OH OH 
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9.4 To name simple ethers: 
[1] Name both alkyl groups bonded to the oxygen. 


[2] Arrange these names alphabetically and add the word ether. For symmetrical ethers, name the 
alkyl group and add the prefix di-. 


To name ethers using the IUPAC system: 


[1] Find the two alkyl groups bonded to the ether oxygen. The smaller chain becomes the 
substituent, named as an alkoxy group. 


[2] Number the chain to give the lower number to the first substituent. 


a. common name: 


IUPAC name: 
P А ph Же ~— 4 C's, butane 
ME || 
methyl butyl substituent: 
methoxy 
butyl methyl ether 1-methoxybutane 
b. common name: IUPAC name: 
OL ON OL —— methoxy 
| substituent 
methyl Г 
cyclohexyl 
6 C's, cyclohexane 
cyclohexyl methyl ether 


methoxycyclohexane 


methoxy /  propoxy 
~ group ~— group 
d. Tuo 


7 carbons - heptane 
4-ethyl-2-methoxy-3-methylheptane 


6 carbon ring = cyclohexane 
trans-1-ethyl-4-propoxycyclohexane 


9.5 Three ways to name epoxides: 
[1] Epoxides are named as derivatives of oxirane, the simplest epoxide. 
[2] Epoxides can be named by considering the oxygen as a substituent called an epoxy group, 


bonded to a hydrocarbon chain or ring. Use two numbers to designate which two atoms the 
oxygen is bonded to. 


[3] Epoxides can be named as alkene oxides by mentally replacing the epoxide oxygen by a 
double bond. Name the alkene (Chapter 10) and add the word oxide. 


Three possibilities: n о Three possibilities: 
О [1] methyloxirane 


; [1] сіз-2-тейһуі-3-ргоруіохігапе 
а. [2] 1,2-epoxypropane C. uH [2] cis-2,3-epoxyhexane 
[3] propene oxide 


[3] сіз-һех-2-епе oxide 


1 -«— —1-methyl Two possibilities: 

[1] 6 carbons = cyclohexane 
1,2-epoxy-1-methylcyclohexane 

2 [2] 1-methylcyclohexene oxide 


b. О *—— epoxy group 
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9.6 Two rules for boiling point: 
[1] The stronger the intermolecular forces the higher the bp. 
[2] Bp increases as the extent of the hydrogen bonding increases. For alcohols with the same 
number of carbon atoms: 3? ROH « 2? ROH « 1? ROH. 


VDW VDW, DD VDW, DD, HB VDW, DD, HB 
lowest bp intermediate bp 2? alcohol 1% alcohol 
intermediate bp highest bp 
OH OH 
Gad d LG у oye 
OH 
ether 3* ROH 2° ВОН T ВОН 
lowest bp highest bp 


9.7 Strong nucleophiles (like CN) favor S,2 reactions. The use of crown ethers in nonpolar solvents 
increases the nucleophilicity of the anion, and this increases the rate of the 5,2 reaction. The 
nucleophile does not appear in the rate equation for the 5,1 reaction. Nonpolar solvents cannot 
solvate carbocations, so this disfavors 5,1 reactions as well. 


9.8 Draw the products of substitution in the following reactions by substituting OH or OR for X in the 
starting material. 


<x он + Br o alcohol 


d Qe + ~OCH3 ——- а айы осы» * СІ unsymmetrical ether 


I o7 О 
с. ем + PS —=—» г” hd + I unsymmetrical ether 
"ur + ^ OCH3CHs3 —— PT + Br unsymmetrical ether 


9.9 Two possible routes to X are shown. Path [2] with a 1? alkyl halide is preferred. Path [1] cannot 
occur because the leaving group would be bonded to an sp’ hybridized C, making it an unreactive 
aryl halide. 


Chapter 9-10 


Е 
NE 
О 
[1] 
о) —39X— x 
зб: Вг 
М aryl halide 
F 
DEN 
О 
ЄС уч [2] я 
SUM — .. 
S СІ : preferred 
2 9 
| 
Т alkyl halide 


9.10 NaH and NaNH, are strong bases that will remove a proton from an alcohol, creating a 
nucleophile. 
54 + Маён: —— 


А > Nat + He 


b. Ox р M ca Nat + МН 
о 


Ж: 


ч; Жо { + Ма" + H2 So: + Br 
Br 


C6H0 


9.11 Dehydration follows the Zaitsev rule, so the more stable, more substituted alkene is the major 
product. 


b T TsOH 


(+ cis isomer) 
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TsOH 


b. xp A. dio in E а + но 
он 


(+ stereoisomer) 


trisubstituted disubstituted 
major product minor product 


OH TsOH 
с. % + H20 


trisubstituted disubstituted 
major product minor product 


9.12 The rate of dehydration increases as the number of R groups increases. 


OH 
XL us 
HO 


1° alcohol 2° alcohol 3° alcohol 
slowest reaction intermediate fastest reaction 
reactivity 
2 rearrangement E LY А 
а. exce с. rearrangement 
1,2-H shift NECEM RUE 
H 1,2-methyl shift 
2% carbocation 3* carbocation | 
more stable 2" carbocation 3% carbocation 
more stable 
H 
rearrangement R 
b. р (EST 
" 1,2-H shift 
2? carbocation 3° carbocation 
more stable 
9.14 
HH  HSO, 
Ky 


oS a This alkene is also formed in addition to 
В Y from the rearranged carbocation. 


rearranged 3? carbocation 


Ф H5SO4 


The initially formed 2? carbocation gives two alkenes: 


СН ог H 
HSO, Ha + 
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9.15 
:OH 
+ % НСІ 
c overall 
reaction :OH 
The steps: | 
бави ТЫС 292 
H20 H H Е oe 
СІ: 
апа S 
Ц === ———- p 
У Е "S 
2% carbocation Ра р ©`ң 
123% carbocation 
H20: јао ~ "n 
Rearrangement of H forms E 
a more stable carbocation. 
9.16 


CI 


OH Br 
HCI OH HBr 

a. ~ = ~ + H20 с. ХИ cue + H20 
HI 

b. OH I + H20 


9.17. CH,OH and 1° alcohols follow ап 5,2 mechanism, which results in inversion of configuration. 


» Secondary (2°) and 3? alcohols follow an 5,1 mechanism, which results in racemization at a 
stereogenic center. 


OH I 
a. Ұ“ҠСГ-р ——- D 1% alcohol, so inversion of configuration 


HBr En 
b. ————- 3? alcohol, so Вг” attacks from above and below. 
OH 


The product is achiral. 
achiral starting material achiral product 


СІ 2 Cl 
é PM X Hc РБ) И Ф pu dq 3^ alcohol - racemization 
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бы на Фе aed НСІ [S СІ 
а. С: C o o 
OH 
(product formed 
CI 
HCI 
b. 


after a 1,2-H shift) 
(product formed after 
a 1,2-CH3 shift) 


9.18 


9.19 Substitution reactions of alcohols using SOCI, proceed by an 5,2 mechanism. Therefore, there is 
inversion of configuration at a stereogenic center. 


H OH SOC; СІН Reactions using 5ОСІ; 


pw por proceed by an 5қ2 mechanism = 
R pyridine S inversion of configuration. 


9.20 Substitution reactions of alcohols using PBr, proceed by ап 5,2 mechanism. Therefore, there is 


inversion of configuration at a stereogenic center. 


H OH РВгз Br Н Reactions using РВгз 
e proceed by ап 542 mechanism = 


pa Б.А)” inversion of configuration. 


9.21 Stereochemistry for conversion of ROH to RX by reagent: 
ІП HX—with 1°, 5,2, so inversion of configuration; with 2° and 3°, 5,1, so racemization. 
[2] SOCL—S, 2, so inversion of configuration. 
[3] РВг— 5,2, so inversion of configuration. 


SOCI РВгз 
a ттм?" 2 Жасы ДЕ с. он -- ШІ 
pyridine 
512 = 


----->- zi 
b. 


3° alcohol, 541 = 
racemization 


9.22 То do а two-step synthesis with this starting material: 
[1] Convert the OH group into a good leaving group (by using either PBr, or SOCI,). 
[2] Add the nucleophile for the 5,2 reaction. 


Jis жа = ps 
| МА 


bad leaving good leaving 
group group 


Chapter 9—14 


9.23 
П 
a УМ Мен. + BOBO). wu. ылы ев + СГ 
pyridine iI 
О 
OH OTs 
БЫ dS EU NN pe oM See roger 
pyridine 
9.24 
Do А СО арыс EE 5,2 - 
a. OTs * CN — aN СМ + OTs 
strong 
1° tosylate nucleophile 
OTs += Е2 TE 
b. YOO + К "OC(CH3)s ош ЖШ + К 01$ + НОС(СНз)з 
f? tosylate strong bulky 
base 
OTs SH 
e PM a -SH : p 542 product 
5,2 (inversion of configuration) 
2" tosylate strong. 
nucleophile 


(Substitution is favored over elimination.) 


ШАТ fend , NaOCH;CH; 43 ДУ Pa 


major products 


enantiomers minor product 


9.25 
БИН TsO H NaOH H он 
iS a Pa one inversion from starting 
pyridine 512 material to product 
retention inversion 
S R 
t enantiomers Г} 


9.26 These reagents сап be classified as follows: 
[1] $ОСЬ, PBr,, HCl, and HBr replace OH with X by a substitution reaction. 
[2] Tosyl chloride (ТӨСІ) makes ОН a better leaving group by converting it to OTs. 
[3] Strong acids (H,SO,) and РОС], (pyridine) result in elimination by dehydration. 


OH 5ОСІ; СІ OH HBr Br 
>. L i « 
pyridine 
OTs OH [I] PBr CN 
„то. T: S 
pyridine [2] NaCN 
OH OH 
ИИ Н504 Е B РОС» 
с. ———- А 
= pyridine о“ 
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9.27 
О Вг Br 
о HBf B HBr 
а „ЗУ — р ВМ ^4 + HO с. SS ды 
+ Но 
нв 2 
b. E ud ELT Br + Br. + H20 


9.28 Ether cleavage can occur by either ап 5,1 or 5,2 mechanism, but neither mechanism can occur 
when the ether O atom is bonded to an aromatic ring. Ап 5,1 reaction would require formation of 
a highly unstable carbocation on a benzene ring, a process that does not occur. An S,2 reaction 
would require backside attack through the plane of the aromatic ring, which is also not possible. 
Thus, cleavage of the Ph-OCH, bond does not occur. 


HBr 
=“ —— Е + CH3Br {== 


anisole phenol bromobenzene 
NOT formed 
м1: = + n 52: + » сн; 
= te + 
VE =н e 
H 
highly unstable : Вг 
2 : Бг: 
carbocation е 
9.29 
6 4 2 
1 
4-ethyl-2-methylhexane-1-thiol 
4,6-dimethyloctane-2-thiol 
9.30 
SH \ 
NaSH 2 Bro 
a. ашай Br B ак Я x ©==6 
grapefruit mercaptan 
D D 
NaSH 
---- : Zn, НСІ 
СІ Н5 `$ 2 SH 
backside attack 
9.31 
2 
a. d 8 а b. S 
1-ethylthiobutane 2-methyl-1-methylthiocyclopentane 


or 
butyl ethyl sulfide 
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9.32 


SH ман S4 77% pur ab dod 
a. я Б. — > = 
СҮ [2] СН.Вг СТ Ч ee fo 


9.33 Two rules for the reaction of an epoxide: 
[1] Nucleophiles attack from the back side of the epoxide. 
[2] Negatively charged nucleophiles attack at the less substituted carbon. 


S ~ О HO H 


3 [1] CH3CH20 — ~ Он AN [n н-с=с БАТ 
а. О Б. vens UH ene AT rs wey e 
[2] H20 ч) [2] H20 
OCH2CH3 H H 
H % 
Attack here: Attack here: 
less substituted C less substituted C 
backside attack backside attack 


9.34 Іп both isomers, OH attacks from the back side at either С-О bond. 


cis-2,3-dimethyloxirane 


о: З н :OH HO: H 5 :5 
сэ, ІП-Он ње 7 \ Че, MOH 10 
ey суң [2] H20 он өн ag руно HV сн 
i. | ы. M ~ | 4 
EE enantiomers 2. 
но: ног 
О: z H :OH HO: Е :0 
We [1] “OH сн: 2, / \ и [1] “OH 2 
de Qn c— + p^ ye Сун. 
H 


» 'CH Ж co " 
сн." } Ун рњо / Усы | но \ [2] H20 ене 
HO: H CH3 :OH 
но? identical 


Rotate around the C-C bond to 


5% ног 
trans-2,3-dimethyloxirane see the plane of symmetry. E 


HO OH 
N / 


CH" 4 V сн; 
H H 
meso compound 


9.35 Remember the difference between negatively charged nucleophiles and neutral nucleophiles: 
» Negatively charged nucleophiles attack first, followed by protonation, and the nucleophile 
attacks at the less substituted carbon. 
» Neutral nucleophiles have protonation first, followed by nucleophilic attack at the more 
substituted carbon. 
e Trans or anti products are always formed, regardless of the nucleophile. 


af = 


НВг 


OH 
neutral nucleophile: 


attack at more 
substituted C 


~ = > 
~ Ш см = ОН 
b. О 
[2] H20 "Uu CN 


negatively charged 
nucleophile: 
attack at less 
substituted C 


9.36 


юр 3 6Cring + cyclohexanol 


2 CH3's at C3 
3,3-dimethylcyclohexanol 


ss [9] ethyl isobutyl ether 
~ 3 2 4 < or 


1-ethoxy-2-methylpropane 


9.37 


а. (1R,2R)-2-isobutylcyclopentanol 
b. 2° alcohol 


HO 


c. stereoisomer SEAN | 


HO 
(18, 2S)-2-isobutylcyclopentanol 
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OH 


О 
yw 


Х CH3CH2OH 
au) T 


H5SO4 Nu 
CH3CH20 H 
neutral nucleophile: 
attack at more 
substituted C 


H 


О HO H 
Nat М ПІСН;О” AH 


H [2] СНОН BS 


negatively charged 
nucleophile: 
attack at less 
substituted C 


1 1,2-epoxy-1-ethylcyclopentane 
or 
1-ethylcyclopentene oxide 


d. constitutional isomer 


Do 


(1S,3S)-3-isobutylcyclopentanol 


e. constitutional isomer with an ether 


ese 


butoxycyclopentane 


Chapter 9—18 


ү Ман 
[1] НА, 
НО ^O 
A 
(је = | ioe > 
[2] ЖЕ; 
но” 
АА РОСЬ 
[3] ES m Ы 
пате 
Hof ру 
СІ 
НСІ 
но” 
SOCI5 T 
[5] idi : 
Ho pyridine ae 
AN TsCl 
[6] > P 
но” pyridine TsO 
9.38 
HO H Br H H Br 


HBr 


| 
t 


PBr 


I 
О 
on 
T 
шю 


| 
; 


PBr, follows 
542 = inversion. 


ae 
о 
2 
о 
I 


| 
| 
| 
| 


T Но 


но H на 
y pw BOS rw 0. ОСЬ follows 
pyridine R 5,2 = inversion. 


9.39 Use the directions from Answer 9.2. 


-— 4-ethyl 


o 
Y 
I 

М 
о 


7 carbons - heptanol 6-methyl 


2% alcohol 
541 = racemization 


2" ајсоћо! 
541 = racemization 


[3] 4-ethyl-6-methylheptan-3-ol 


0 ра A ы 


8 carbons - octanol 


С; 
[1] UM 


cyclohexanediol 


OH OH 


Ho" 


5 carbons - cyclopentanol 


f. [t] OH 


6 carbon ring 7 cyclohexanol 
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== 5-methyl 


= 


ІЗІ 4-ethyl-5-methyloctan-3-ol 


4-ethyl 
3| OH х 


[2] 
рі HO A Р OH 
3 2 
[2] OH 
4-3 2 
| (0) OH 


[3] 2-sec-butylcyclohexane-1,4-diol 


[3] 5-methylheptane-2,3,4-triol 


9.40 Use the rules from Answers 9.4 and 9.5. 


a (ух) 


dicyclohexyl ether 


= 4,4-dimethyl 


b. LOL 


о 
longest chain = à 
heptane : 
substituent = 
3-ethoxy 


3-ethoxy-4,4-dimethylheptane 


H 
5-methyl 
[2] [3] trans-3-isopropylcyclopentanol 
HO" ч. 
3-isopropyl 
[2] OH [3] 2-sec-butyl-5-isopropylcyclohexanol 
| 2 
isopropyl 
sec-butyl 
c. <1 e. 
| О 4 SH 


1 


1,2-epoxy-2-methylhexane 
or 2-butyl-2-methyloxirane 
or 2-methylhexene oxide 


2,2,4-trimethylcyclopentanethiol 


6-ethyl-6-methyldecane-4-thiol 
4-ethylthio-3-methyloctane 
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9.41 Use the directions from Answer 9.2, 
1 
„он OH 
С "CX 
Steg: сна 


НО 
b. 2,3,3-trimethylbutan-2-ol d 
2 
о 
4 
1 
ы 
он 


a. trans-2-methylcyclohexanol f. 1-ethoxy-3-ethylheptane 


М о uod 
g. (2R,3S)-3-isopropylhexan-2-ol 
1 
2 
3 
OH 


Q^ N 
d. 3-chloropropane-1,2-diol 3 
HO 


с. 6-sec-butyl-7,7-diethyldecan-4-ol , 
6 7 h. (S)-2-ethoxy-1,1-dimethylcyclopentane 
[ ) 6 
2 
СІ 


i. 4-ethylheptane-3-thiol 


3 
4 1 


SH 
e. 1,2-epoxy-1,3,3-trimethyleyclohexane 1 j. 1-isopropylthio-2-methyleyclohexane 2 
О 
5 < 


9.42 Stronger intermolecular forces increase boiling point. All of the compounds can hydrogen bond, 
but both diols have more opportunity for hydrogen bonding because they have two OH groups, 
making their bp's higher than the bp of butan-1-ol. Propane-1,2-diol can also intramolecularly 
hydrogen bond. Intramolecular hydrogen bonding decreases the amount of intermolecular 
hydrogen bonding, so the bp of propane-1,2-diol is somewhat lower. 


Increasing boiling point 


xN он но YT но“ oH 
OH 
butan-1-ol propane-1,2-diol propane-1,3-diol 
118 *C 187 'C 215 °С 

9.43 

H2SO РВг 
а. NOH 2 3 PAS f. Pa PEU E Pa 

NaH - Na* ТӘСІ 
b. “Н т=ш== 7 Болуы Ма 9. NO E NN OTS 

pyridine 
223 + Вг 

či UNUON Hey ~al Ры OH EU РЫЛҒАН. [2] Ne ч г 

7пСІ> 

НВг 11 ТӘСІ 2] NaSH 
d. ^X LL OH ы Br ж. РОН [1] а ОТЕ [2] Na Pe 
| 


pyridine pyridine 
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9.44 Dehydration follows the Zaitsev rule, so the more stable, more substituted alkene is the major 
product. 


9.45 


d. 1С EPI 
pyridine 5,2 


Ag теон AY | 
OH 


tetrasubstituted disubstituted 
major product 


eno тон en [357 
OH = + 


trisubstituted disubstituted 
major product 


tetrasubstituted disubstituted 
major product 


two products formed 
by carbocation rearrangement 


HBr i 
7 d 2 ^4 ұ СО 2° Alcohol will undergo 511. 
> > 2 racemization 
HO H Вг H H Br 
PO WE oH HCl, CI punc 1 Alcohol will undergo Sy2. 
РА 2пС15 = inversion 
H D H D 


SOCI 
m Б SOCI? always implies 5,2. 
OH pyridine с inversion 


OH | OTs inversion 


Configuration is maintained. 
С-О bond is not broken. 


3% alcohol, racemization at the stereogenic 
center with the OH group 


Wb s Е vas E 
7 


2° alcohol, racemization at the ѕїегеодепіс 
center with the OH group 
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9.46 
МаН СНзІ 
А = 4 — В = 
(а) : 
тон _ сњо H 
(b) TsCl CH30 
GOOG d С = di d ———- D- d d 
% pyridine > p 
ное н " TsO H _ н OCH; 
» PBr3 CH30 
(R)-hexan-2-ol E= ‚ уст; BER ; 
H Br CHO H 
Routes (a) and (c) give identical products, labeled B and F. 
9.47 
Лан A 
H2504 2 1,2-H shift 
a. ИОН zs pro. х: ем, + 
(-H20) 
A 2* carbocation 3* carbocation major product 
POCI;, pyridine 
b. ион === 
E2 
A H 


H and OH must be trans in the E2 reaction. 


The major products are different because the mechanisms are different. With H,SO,, the reaction 
proceeds Бу an ЕІ mechanism involving a carbocation rearrangement. With РОС], the mechanism 
is E2 and the H and OH must be trans diaxial. No H on the C with the CH, group is trans to the OH 


group, so only one product forms. 


I | 


9.48 


1 


2% carbocation 


3% carbocation 


E- 
Sew 17 
Rex 


or 3° carbocation 


a 


3* carbocation 
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9.49 Acid-catalyzed dehydration follows ап E1 mechanism for 2? and 3? КОН with an added step to 
make a good leaving group. The three steps are: 


[1] Protonate the oxygen to make a good leaving group. 
[2] Break the С-О bond to form a carbocation. 


[3] Remove a (3 hydrogen to form the т bond. 


б 2. Cr TA а 
+ + 
омега! los 


reaction 


The steps: 


SO. 
5 
Н .. 
+ HSO4- Н504 


2? carbocation 


H 


x 
1,2-H shift (^ 
H * 


2? carbocation 


3? carbocation 


and 
H + 
ex 
9.50 To draw the mechanism: 


[1] Protonate the oxygen to make a good leaving group. 
[2] Break the С-О bond to form a carbocation. 


] 
[3] Look for possible rearrangements to make a more stable carbocation 
[4] Remove a В hydrogen to form the т bond. 


HSO4 


Or | == 


Dark and light circles are meant to show where the carbons in the starting material appear іп the product 


Is 
a о-н є} t H20 : --- 
|+ 
Cal (вон H 
+ HSO4- + H2504 


о 
+ HSO4- 2? carbocation 


3? carbocation 
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9.51 


„Су " 
A ы ---- f * dor —— е-и + H20 
ÖH он; i 
x - 


two resonance structures 
for the carbocation 
А в 
n ni 


СІ 
СІ 
С! с 
9.52 
a HL so H 
.. = 3 .. ? 
OH * OH; и yN 1,2-shift Mp 
а 5 АҒ T * s сЕ HSO% | 
9 9 о 5+ 5 
= О 
(АЗАН * њо | + HSO 
2204 
Н 
m 
о 
+ 
9.53 
HSO4- 
" 
А 2 
F -АН е 
б„°+» ow о; о: 
он он 
+ HSO47 + H20 + H250, 


9.54 
È zo E ak b. EX EORR. 


| b d 
SEE ~ d + О 


| Вг Қ 
О LI + Оба 
2% halide f halide m И „гы 


1% halide 2° halide 


less hindered RX 
preferred path less hindered RX 
preferred path 
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6 m 


T halide 
preferred path 


2? halide 


inversion 


ое 


Trans starting material gives cis 


product because of inversion. 


9.55 A tertiary halide is too hindered and an aryl halide is too unreactive to undergo a Williamson ether 


synthesis. 


Two possible sets of starting materials: 


aryl halide 
unreactive in 5,2 


9.56 


" b db 


HBr 


Br Br 
bs | Бао t HO 


(2 equiv) 


b. ( о ) ННІ. 2 Br + H20 
(2 equiv) 
9,57 
(А 
И ^н-в 
О Вг 
омега!! Вг 
а. = + 
reaction 


26: 


:Вг: 
ЕЕ == м + UE C 25 


d 
ol + CY 
3% alkyl halide 


too sterically 
hindered for 5,2 


с: [осы 


HBr Ва " 
(2 equiv) P 


: Br: 


Br 


Br 
+ H2 + Nat = 4 у + Hə + NaCl 
‚О. 
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+ СЕЗСОЉН 


[f] Hczc- / Он 
[2] H20 == 
тон ou 
номе 
2] H20 
[1] CH3S7 
M s AN OH 
[2] H20 


OH 
HBr СІ 
он 
[f] NaCN EM 
[2] H20 


The 2 CH3 groups are anti in the 
starting material, making them 
trans in the product. 


The 2 СНз groups are gauche in the 


starting material, making them 
cis in the product. 


9.58 
№ :5-< бн 
g H-OCOCF; [v е р он 
е = к= 
P 
+ CF3CO; CF3CO?; 
9.59 
A 
с HBr OH 9 
a Нус Сун Be а ну © 
H H H 
[e 
= H20 / 
С-СЫ; 2 
b. Hy NH in а. ees 
H H H3SO4 pd 
[e 
/N [1] CH3CH20 OH /N 
Е нус” Син о С f Hyco 
H H [BHO H 
9.60 
[e 
A CH3CH20H DE 
a. Va cael Ж7о Ой с 
H #2504 
S [1] СНЭСН2О- ма" ~ 
Z 3 2 a ~ 
2] H20 
[ 1 2 Mpeg A S 
9.61 
H СІ H СІ 
CH3 2 СНз 42 2223 д 
а. а 2 ap. n 
A “CH C че > зе се 
Н-О: Mi 3 О у 2 \/ 
S = :0: 
~ C4HgO 
Na*H: d 
CH3 СІ сн; с! 
ңы / На / снз 
b. С. — Hic. с 
С NCH / /\“сн 
ees ЈЕ 3 \ / 
н-о: :0: Ы 
2 C4HgO 
Na*H 
СІ он СІ H Cl 
\ / rotate \ од СНз dc 
ее. —— е-е = C— 
`4 \“CH “Ч N “Ч X 
CH3 , CH8 CHa а 29 сна 4 Ae S 


CH3 H 
backside нк с2а CH3 
attack N / 
Her 
C4HgO 
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9.62 First, use the names to draw the structures of the starting material and both products. Because the 
product has two OH groups, one OH must come from the epoxide oxygen, and one must come 
from the nucleophile, either OH or H,O. 


With "ОН, the nucleophile attacks 
at the less substituted end ofthe o хо [1] Ма“ “ОН он 
epoxide to form the R isomer of PN HO eer 
the product. "OR [2] НО 


t 


from the nucleophile 


(R)-2-ethyl-2-methyloxirane 


(R)-2-methylbutane-1,2-diol 


With H20 and H3SO4, НО 


attacks at the more substituted та Н О > 
end of the epoxide, from the 3 HO р 
i i i OH 


back side, and the S isomer is Н25Од — from the nucleophile 
formed. 
(R)-2-ethyl-2-methyloxirane (S)-2-methylbutane-1,2-diol 
9.63 
H2N 
ae A — EN ZA Ка a 


6, P O 
. 


@ proton transfer 
2 Ў 
о 


КОНЕ: у 
Bulky base favors Е2. 


Keep the stereochemistry at the stereogenic 
center [*] the same here because no bond to it 
is ken. 


9.64 


5. 
Ane -- es 
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= 


о 


= 


ES 
^ 
ER 
Ch 


TsCl 


— > 


pyridine 


(Пмаоснз _ 
рњо 


он 
HBr СҮ 
"Br 


е” SH 


"Br 542 
inversion 


H D 
Br 
CI 
OH 
ön „OCH; 
CT: 
OH 


"OCHs 


CH3CO> 


ср О 
iy = о 


во 


9.65 


/ 


(Тон 


NOH 


S 


[1] 2 CH3SO;CI 
pyridine 


О5О-СН 
Ж 2513 < 


НІ І 
д ЧЫ. d d + СН; + ЊО 
(2 equiv) 
Б: : 
* 5: Na. — PORT 
k. Br BU $“ 
(ут 
әмбе І 
/ Nt 


ең“ 


[1] 2 CH3SO2Cl 
pyridine 


[2] Маҙ5 


| $ + CHSSO; 


a 


(С 0S0;CH; 


28: 


+ СНҘ5О2” 
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9.66 


OH HCI Ша 
or 


SOCI;, pyridine 
E doe 
Cm [1] Na* H- Жж o OCH3 


Make OH a good 
OH 
ІП ТС, pyridine | aie 2220 Sine ous та 
then add “СМ. 


9.67 
ao n „Он 
СНз5$Оз ^ [1] nucleophilic CH,S0, ) у М E 
_attack —— 
[2] loss of 2]lossofH* - Eos 
2 
9.68 
m О + 
a мые uo a Jh. “жесі: 
H.+ ІХ 
О Ў 7" HH 
NaH N б 
—————— — Н 
proton 
transfer 


жа 
X 


propranolol 


9.69 
а. CgH440: О degrees of unsaturation b. CgH44O: О degrees of unsaturation 
IR peak at 3600-3200 ст”! О-Н IR реак at 3000-2850 ст”!: Csp?-H bonds 
NMR: triplet at O.8 ppm (6 H) (2 CH3 groups NMR: doublet at 1.10 ppm (relative area - 6) 
split by CH2 groups) (from 12 H's) 
singlet at 1.O ppm (3 H) (CH3) septet at 3.60 ppm (relative area - 1) 
quartet at 1.5 ppm (4 Н) (2 СН; groups split (from 2 H's) 


by СНз groups) 
singlet at 1.6 ppm (1 H) (O-H proton) ak K 
е6 i 
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9.70 
Hp 
К Не Compound D: 
O И] LiC=CH | | molecular ion 84 (molecular formula СьНзО) 
A == _ СНа—С— Сесн IR absorptions at 3600-3200 ст”! ОН 
(A PAP CH; 3303 ст”: Csp-H 
н, | 2938 cm: Csp?—H 
ü 2120 ст C=C 
à 1Ң NMR data: 

D Absorptions: 
На: singlet at 1.53 (6 Н) (2 СНз groups) 
Hy: singlet at 2.37 (1H) alkynyl CH and OH 
Hc: singlet at 2.43 (1H) > zii: 

9.71 
| multiplet at ~2.0 singletat-17 multiplet at ~1.5 
GUN T | triplet at ~0.95 ` | triplet at ~0.95 
к ЖЕН 23 А ЕС + PT 
:OH M | | N 
"S E triplet at ~5.1 two signals 
bs at -4.6 | 
triplet at -2.0 


A 1,2-H shift E 
Q H е +  TsOH 


Es 


.. H H N 
+ H20 N^ grs 
or 
H 
M 


N^ ors 
9.72 
Compound A: Molecular formula C,H,O, (one degree of unsaturation) 
IR absorptions at 3600-3200 (О-Н), 3000-2800 (C-H), and 1700 (C=O) cm” 
'H NMR data: 


Absorption ppm #ofH’s Explanation Structure: 
singlet 22 3 а CH, group 

singlet 2.55 1 ІН adjacent to none or OH E 
triplet 2.7 2 2 H's adjacent to 2 H's OH 
triplet 3.8 2 2 H's adjacent to 2 H's А 
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9.73 With the cis isomer, OH acts as a nucleophile to displace Br from the back side, forming a trans 
diol (А). With the trans isomer, the two functional groups are arranged in a manner that allows an 
intramolecular 5,2. OH removes a proton to form an alkoxide, which can then displace Br by 
intramolecular backside attack to afford an ether (B). Such a reaction is not possible with the cis 
isomer because the nucleophile and leaving group are on the same side. 


н-4 Уса E HO “OH 
NC 5,2 


cis-4-bromocyclohexanol A 


— .. О 
OH Со 
HO Вг :0 вра den 
proton V 5,2 
B 


transfer 
trans-4-bromocyclohexanol 


+ H20 


9.74 If the base is not bulky, it can react as a nucleophile and open the epoxide ring. The bulky base 


cannot act as a nucleophile, and will only remove the proton. 


ОТУ 


~ N(CH2CHs)2 


H N ) 
2) Aou 
9 ТТ” Тү 
о! 


$ H — OSOsH % 
pn 3 € OH2 онен 2 N 
зы шге + H20 
x + 
о 


4 i * HN(CH2CH3)2 * LiOH 
H OH 


-0 
Т 


9.75 


O H о О 
Н5047 3% carbocation 
по f? carbocation 
atthis step 
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9.76 


* H30* 


A 1,2-shift 
> 

H ^ 

H20: 


b. Other elimination products can form from carbocations X and Y. 


+ H30* 


9.77 
a к +OH 
A 7e H ДЫ сылы Ke ky 
OH OH 


OH 
pinacol + HSO47 + ЊО 
H2SO4 + Же 
О 
ріпасоіопе 


+ H20 


| 1,2-shift 


+ 


У 


OH 
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b. Two different carbocations can form. The carbocation with the (4-) charge adjacent to the benzene 
rings (А) is more stable, so it is preferred. 


OH ( 
D 


9.78 
id 
ЊУ ма" зон 
1 “O о I 
9.79 
7 А OSO2CH3 
“N auO 
backside 
attack 


(two steps) 


su: 


U 


H5SO4 


resonance-stabilized 


preferred 


| 12-СНз shift 


backside attack of 
RO" on three- 
membered ring 


о HO (Y 
or 
+ 
m 
OH Ж (7 
A B 


The stereochemistry in B results from 
two successive backside attacks. 
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Chapter 10 Alkenes 
Chapter Review 


General facts about alkenes 


e  Alkenes contain a carbon-carbon double bond consisting of a stronger o bond and a weaker т bond. 
Each carbon is өр” hybridized and trigonal planar (10.1). 
Alkenes are named using the suffix -ene (10.3). 
Alkenes with different groups on each end of the double bond exist as a pair of diastereomers, 
identified by the prefixes E and Z (10.3B). 


Two higher priority groups on Two higher priority groups on 
opposite sides the same side 
= СН; CH3 = CH; СН2СНз = 

N / N / 
С=С с=с 
\ / \ 

H CH2CH3 = H CH3 

E isomer Z isomer 
(Е)-3-теіһуірепі-2-епе (Z)-3-methylpent-2-ene 


e Alkenes have weak intermolecular forces, giving them low mp's апа bp’s, and making them water 
insoluble. A cis alkene is more polar than a trans alkene, giving it a slightly higher boiling point 
(10.4). 


cis-but-2-ene trans-but-2-ene 

CH CH CH H 
A и; E К / 2 
more polar isomer ——- И y C ~— less polar isomer 
\ \ 

H | H H Nou, 

a small net dipole no net dipole 
higher bp lower bp 


e Am bond is electron rich and much weaker than a o bond, so alkenes undergo addition reactions 
with electrophiles (10.8). 


Stereochemistry of alkene addition reactions (10.8) 
A reagent XY adds to a double bond in one of three different ways: 


e Syn addition—X and Y add from the same side. 


H BH; 

H— BH \ me ; А 

"с=с ond e Syn addition occurs in hydroboration. 
~ у 


E 


ө Anti addition—X and Y add from opposite sides. 


босс“ х; =. e Апа addition occurs іп halogenation and 
rN or xe N . * 
X, H20 4 он halohydrin formation. 
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e Both syn and anti addition occur when carbocations are intermediates. 


€ H Хон) DNE e буп апа апа addition occur in 
Ia, E TÉ : . 
и = eo Se and „CTC hydrohalogenation апа 
or 7 у е; В à 
H20, H* ( ) hydration. 


Addition reactions of alkenes 


[1] Hydrohalogenation— Addition of HX (X = СІ, Br, I) (10.9-10.11) 

The mechanism has two steps. 
Carbocations are formed as intermediates. 
Carbocation rearrangements are possible. 
Markovnikov's rule is followed. H bonds 
to the less substituted C to form the more 
stable carbocation. 

e Syn and anti addition occur. 


alkyl halide 


[2] Hydration and related reactions—Addition of H,O or ROH (10.12) 
For both reactions: 
e The mechanism has three steps. 


OH А : 
QS. o tae e  Carbocations are formed as intermediates. 
Hose R e Сагһосайоп rearrangements are possible. 
alcohol е Markovnikov’s rule is followed. H bonds 
to the less substituted C to form the more 
GB stable carbocation. 
ВАЎ + H-OR e Syn and anti addition occur. 
#2504 R ре 
ether 


[3] Halogenation— Addition of X, (X = Cl or Br) (10.13-10.14) 

e The mechanism has two steps. 

e Bridged halonium ions are formed as 
intermediates. 
No rearrangements occur. 
Anti addition occurs. 


[4] Halohydrin formation—Addition of OH and X (X = Cl, Br) (10.15) 

e The mechanism has three steps. 

e Bridged halonium ions are formed as 
intermediates. 

No rearrangements occur. 

X bonds to the less substituted C. 

Anti addition occurs. 

NBS in DMSO and H,O adds Br and OH in 
the same fashion. 


halohydrin 
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[5] Hydroboration—oxidation—Addition of H,O (10.16) 


e Hydroboration has a one-step mechanism. 
уд ВН or 9-BBN AoW 
R AT ed улды а R e Norearrangements occur. 

alcohol e OH bonds to the less substituted C. 


e Syn addition of H,O results. 


[2] Н2О>, HO 


Practice Test on Chapter Review 


1. Give the IUPAC name for the following compounds. 


2. Draw the organic products formed in the following reactions. Draw all stereogenic centers using 
wedges and dashed wedges. 


Br 
НСІ 2 
а. с. 
[1] BH3 H20 
b. La ee d. po 
[2] H202, "ОН Н2504 


3. Fill in the table with the stereochemistry observed in the reaction of an alkene with each reagent. 
Choose from syn, anti, or both syn and anti. 


Reagent Stereochemistry 
а. [1] 9-BBN; [2] H,O,, ОН 
b. H,O, HSO, 
c. CL, H,O 
d. HI 


e. Br, 


4. a. In which of the following reactions are carbocation rearrangements observed? 
1. hydrohalogenation 
2. halohydrin formation 
3. hydroboration—oxidation 
4. Carbocation rearrangements are observed in reactions (1) and (2). 
5. Carbocation rearrangements are observed in reactions (1), (2), and (3). 
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b. Which of the following products are formed when НСІ is added to 3-methylpent-1-ene? 
1. 2-chloro-2-methylpentane 
2. 3-chloro-3-methylpentane 
3. 1-chloro-3-methylpentane 
4. Both (1) and (2) are formed. 
5. Products (1), (2), and (3) are all formed. 


Answers to Practice Test 


1. а. (E)-4-ethyl-2,5- 2: 3. a. syn 4.а.1 
dimethylnon-3-ene b. both b.2 
b. (E)-4-1sopropyl-2- 


methyloct-3-ene c. anti 


d. both 


CECI 
ЖЕ јр e. anti 
20-50 

Я 


Answers to Problems 


10.1 


Six alkenes of molecular formula СьНао: 


ал s du cm 


trans 


diastereomers 


10.2 To determine the number of degrees of unsaturation: 
ІШ Calculate the maximum number of H's (2n + 2). 
[2] Subtract the actual number of H's from the maximum number. 
[3] Divide by two. 


a. CgHi2 Б. C10H10 
[1] maximum number of H's = 2n + 2 = 2(8) + 2 =18 [1] maximum number of H's = 2n + 2 = 2(10) + 2 = 22 
[2] subtract actual from maximum = 18 - 12-6 — [2] subtract actual from maximum - 22-10-12 
[3] divide by two = 6/2 = 3 degrees of unsaturation [3] divide by two - 12/2 - 6 degrees of unsaturation 
possible structures: possible structures: 


22 
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10.3 Follow the procedure іп Answer 10.2. 
a. СеНб 


а. C;H4Br 
Т maximum number of H's = 2n +2 = 2(6) + 2 = 14 Because of Br, add one more H (11 + 1 H = 12 H's). 
2] subtract actual from maximum = 14 – 6 = 8 1] maximum number of H's = 2л + = 2(7) + 2 = 16 
3] divide by мо = 8/2 = 4 degrees of unsaturation 2] subtract actual from maximum = 16 – 12 = 4 


3] divide by two - 4/2 - 2 degrees of unsaturation 
b. CgHig 


е. С5НәМ 
11 maximum number of H's = 2л +2 = 2(8) + 2 = 18 Because of М, subtract one H (9 — 1H = 8 H's). 
[2] subtract actual from maximum = 18 — 18 = O 1] maximum number of H's = 2n + 2 = 2(5) + 27 =12 
3] divide by мо = 0/2 = 0 degrees of unsaturation 2] subtract actual from maximum = 12 — 8 = 
3] divide by two - 4/2 - 2 degrees of сосок 
с. C;HgO 
Ignore the O. 


11 maximum number of H's = 2n + = 2(7) + 2 = 16 
[2] subtract actual from maximum = 16 — 8 = 8 
3] divide by two = 8/2 = 4 degrees of unsaturation 


10.4 Use the directions from Answer 10.2. Ignore O in calculating degrees of unsaturation. Add one 
more H for each halogen. Subtract one H for each N. 
а. C,,H,,NOO is equivalent to C,,H,, when calculating degrees of unsaturation. 
For 19 C's, the maximum number of H’s = 2n + 2 = 2(19) + 2 = 40 H’s 
Subtract actual from maximum = 40 – 18 = 22 H's fewer 
Divide by two = 22/2 = 11 degrees of unsaturation 
b. С „НЕМО is equivalent to C,,H,, when calculating degrees of unsaturation. 
For 17 C's, the maximum number of H's = 2n + 2 = 2(17) + 2 = 36 H's 
Subtract actual from maximum = 36 – 20 = 16 H's fewer 
Divide by two — 16/2 — 8 degrees of unsaturation 


10.5 To name an alkene: 


[1] Find the longest chain that contains the double bond. Change the ending from -ane to -ene. 


[2] Number the chain to give the double bond the lower number. The alkene is named by the first 
number. 


[3] Apply all other rules of nomenclature. 


To name a cycloalkene: 


ІП When a double bond is located in a ring, it is always located between СІ and C2. Omit the “1” 
in the name. Change the ending from -ane to -ene. 


[2] Number the ring clockwise or counterclockwise to give the first substituent the lower number. 
[3] Apply all other rules of nomenclature. 


1 = 3-methyl 
a. [i] EN [2] N [3] 3-methylpent-1-ene 


5 C chain with double bond | 
pentene репі-1-епе 
3 
b. [1 27 [2] 27 [3] 3-ethylhept-3-ene 
Roc Жаны 
7 C chain with double bond | 
heptene 3-ethyl 
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с п б | 


БАРСА 


5 С chain with double bond 
pentene 


d. [I] 25 


5 C ring with a double bond 
cyclopentene 


e. [1] ея 


6 C ring with а double bond 
cyclohexene 


2-ethyl 
— 
[2] pO [3] 2-ethyl-4-methylpent-1-ene 
1 


репі-1-епе 


1 
" [3] 3,4-dimethylcyclopentene 
3 
РИ 


3,4-dimethyl 


1-methyl 


5- а 


[3] 5-tert-butyl-1-methylcyclohexene 


10.6 Use the rules from Answer 10.5 to name the compounds. Enols are named to give the OH the lower 
number. Compounds with two C=C’s are named with the suffix -adiene. 


pes 


6 C chain with double bond 
hexene 


UO 


8 C chain with double bond 
octene 


[1] 
5: Mere 


7 C chain with two double bonds 
heptadiene 


10.7 To label an alkene as E or Z: 


[3] 4-ethylhex-3-en-1-ol 


оре 
4-ethyl 


2 3] 5-ethyl-6-methyloct-7-en-4-ol 
[2] а ОН [3] У y 
1 
7 
< 
| `` e.methyl 
5-ethyl 


[3] 2,6-dimethylhepta-2,5-diene 


5 
2 
А < 
e Te 2-methyl 


[1] Assign priorities to the two substituents on each end using the rules for R,S nomenclature. 
[2] Assign E or Z depending on the location of the two higher priority groups. 
e Тһе E prefix is used when the two higher priority groups are on opposite sides of the 


double bond. 


e The Z prefix is used when the two higher priority groups are on the same side of the double 


bond. 
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higher priority —— \_ СІ higher priority 


a. -- с. 
Br == higher priority H 
Two higher priority groups are higher priority Two higher priority groups are 
on opposite sides: Eisomer. on opposite sides: E isomer. 
higher priority —— 
b Eisomer қ ET 
: d ^w == higher priority 
-— — higher priority у ^o < 
Two higher priority groups are H | 2 isomer 
on the same side: 2 isomer. j -— . "E 
higher priority higher priority 
10.8 
no stereoisomers E E E 
a. 


10.9 To work backwards from a name to a structure: 
[1] Find the parent name and functional group and draw, remembering that the double bond is 
between C1 and C2 for cycloalkenes. 
[2] Add the substituents to the appropriate carbons. 


а. (Z)-4-ethylhept-3-ene The higher priority groups are c. (Z-2-bromo-t-iodohex-t-ene The double bond is 
| on the same side -2. between C1 and C2. 
| 
7 carbons | | 6 carbons : RR 
— | 
Вг 
| <--- 4-ethyl | 
The double bond is The higher priority groups are 
between C3 and СА. on the same side - Z. 
b. (E)-3,5,6-trimethyloct-2-ene The double bond is 


between C2 and C3. 


8 carbons 


| 
у 


dius ets E 


The higher priority groups | ЫЗЫ 
are on opposite sides = E. 3,5,6-trimethyl 
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10.10 To rank the isomers by increasing boiling point: 


Look for polarity differences: small net dipoles make an alkene more polar, giving it a higher 


boiling point than an alkene with no net dipole. Cis isomers have a higher boiling point than 
their trans isomers. 


у / 
и У ах а E ж Ез 


АШ dipoles cancel. Two dipoles cancel. Two dipoles reinforce. Two dipoles reinforce. 
smallest surface area no net dipole net dipole net dipole 
no net dipole trans isomer cis isomer cis isomer 
lowest bp intermediate bp higher bp more surface area 
highest bp 
10.11 Increasing number of double bonds = decreasing melting point. 
О 
ИЧИ ы Ара ы, 
stearic acid 
no double bonds 
highest melting point 
stearidonic acid О 
4 double bonds 
lowest melting point 2 a OH 
Sus 
linolenic acid 
3 double bonds 
intermediate melting point 
10.12 
Br 
Н,504 NaOCH2CH3 BOL ты 
a. ------ * b. " 
OH 
"da ы” 


(* cis isomer) 


10.13 To draw the products of an addition reaction: 


[1] Locate the two bonds that will be broken in the reaction. Always break the т bond. 
[2] Draw the product by forming two new o bonds. 


" | 
нс! ды = 
a. [5 =_=” two new о bonds с. epe ы» 


cl 
| "Та 


H two new o bonds 


CI 
two new o bonds 
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10.14 Addition reactions of HX occur in two steps: 
[1] The double bond attacks the H atom of HX to form a carbocation. 
[2] Х attacks the carbocation to form a С-Х bond. 
transition state transition state 
step [1]: step [2]: 
t t 
Я E s H а 
7 ма №. EN = _ Q 4 
v © Ор 2; 
H цә CI ФЕН л 


10.15 Addition to alkenes follows Markovnikov's rule: When HX adds to ап unsymmetrical alkene, the 


H bonds to the C that has more H's to begin with. 
no H's 2 H's 
CI adds here. H adds here. 


ET. А Am 
a. EL ew dg dE IO 


no H's 


one H CI adds here. 
H adds here. 


no H's 
СІ adds here 


| НСІ 
b. m а > 


2 H's 
H adds here. 


10.16 To determine which alkene will react faster, draw the carbocation that forms in the rate- 


determining step. The more stable, more substituted the carbocation, the lower the E, to form it 
and the faster the reaction. 


x шы; Жур d. ==: jm 
A 3° carbocation a A 2° carbocation 
НАХ faster reaction НАХ slower reaction 


10.17 Look for rearrangements of a carbocation intermediate to explain these results. 


A 

Н-СІ 
| | Н H 
= +H H H 
е 12-Н shift 
+ Н : + — АЕ 
H CASH 5 жел. СІ: 
H т + Ch Cl 
Tenaga: 2° carbocation 2° carbocation 3° carbocation 4-chloro-1- 
methylcyclohexane A methylcyclohexane 


Rearrangement would not further 
stabilize this carbocation. 
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10.18 Addition of HX to alkenes involves the formation of carbocation intermediates. Rearrangement 
of the carbocation will occur if it forms a more stable carbocation. 


3% carbocation 
no rearrangement 


Br 
F 
Њу ZEN D ы RRS n + 
- јака 
2" carbocation 2" carbocation Вг 


Rearrangement would not further stabilize 
either carbocation. 
no rearrangement 


е ан Ра у ree нат Р 


2° carbocation 2° em 3* carbocation 
m rearrangement more stable 
Rearrangement would not further stabilize 
the carbocation. 


| ; 
ть в 


10.19 То draw Фе products, remember that addition of HX proceeds via a carbocation intermediate. 


Lo m M 
| 


new stereogenic center enantiomers 


Addition of H* (from HCI) from above and 
below by Markovnikov's rule forms 
an achiral | carbocation. 


СГ attacks 
from above 


achiral, ru planar diastereomers 


3? carbocation 


10.20 Тһе product of syn addition will have H and CI both up or down (both on wedges or both on 
dashed wedges), while the product of anti addition will have one up and one down (one wedge, 
one dashed wedge). 


A B enantiomers c 


enantiomers 
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10.21 
OH 
a. AN ===> PM ог лен 
Н“ would add here to form H* would add here to form 
а 3° carbocation. а 3° carbocation. 
= CY IE 
b. === or | 
| H* would add here to form 
» a 3* carbocation. 
H^ would add here to form 
а 3° carbocation. 
c. е = d БЕ A 
OH H* would add here to form (+ cis isomer) 
a 2° carbocation. 
10.22 
H OH HO H 
H20 ~ ~ 
ZA JS ы. * 
H2504 : 
pent-1-ene enantiomers 


10.23 Halogenation of an alkene adds two elements of X in an anti fashion. 


Br Br 


Bro ~ ef Cl СҮ СІ Mn СІ 
а. ЕЕ==_= $ b. i а. + 
E СІ а 


Вг Вг 


10.24 То draw the products of halogenation of ап alkene, remember that the halogen adds to both ends 
of the double bond but only anti addition occurs. 


а! Ко 
Clo E Bro 
a. же + с. — 
enc --СІ 


enantiomers 


Bro 
b. ——— 
ШЕ 


diastereomers 


achiral meso compound 
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10.25 Halohydrin formation adds the elements of X and OH across the double bond in an anti fashion. 
The reaction is regioselective, so X ends up on the carbon that had more H's to begin with. 


Bry, HO ~ 
E Б = | * М СІ; "OH = ОН 
DMSO, ЊО к | t | 
НО Br* H20 с! “СІ 
СІ bonds to the carbon 
with more H's to begin with. 


10.26 In hydroboration the boron atom is the electrophile and becomes bonded to the carbon atom that 
had more H's to begin with. 


"4 BH; PW BH; бе BH; ы” 
а. | --- e: | — 
C with more H's. 


C with more H's. 
B will add here. 


B will add here. 
BH3 
b. qw E СА 
Н 


C with more H's. 
B will add here. 


10.27 The hydroboration-oxidation reaction occurs in two steps: 


[1] Syn addition of BH,, with the boron on the less substituted carbon atom 
[2] OH replaces the BH, with retention of configuration. 


ВНз 


H202, OH 
a. NA Басына SUISSE ВН; XM MU 


GM " GM 
қ O~ GF din H202, OH Cw. CI 
“вн; BH> “он он 
ВН RS 
H / Н 
BH; 


a 
E А 2 
Ei 20,7 


OH К 
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10.28 Remember that hydroboration results in addition of OH on the less substituted C. 
OH 


a. 555: с. = 
10.29 
H20 OH Hydration places the OH 
Н,504 оп the more substituted carbon. 
(у= [1] ВНз 5 Hydroboration—oxidation places the OH 
on the less substituted carbon. 
OH 
H-O Hydration places the OH 
E E on the more substituted carbon. 
Њ50, 
он қ PET 
[1] BH; Hydroboration—oxidation places the OH 
[2] H203, HO- on the less substituted carbon. 


ӨН Hydration places the ОН 
H20 ; 
on the more substituted carbon. 


Н-504 


[1] ВНз t olo Hydroboration—oxidation places the OH 
[2] H205, НО” on the less substituted carbon. 


10.30 There are always two steps in this kind of question: 
[1] Identify the functional group and decide what types of reactions it undergoes (e.g., 
substitution, elimination, or addition). 


[2] Look at the reagent and determine if it is an electrophile, nucleophile, acid, or base. 


acid: 
catalyzes loss of ЊО 


acid | 
"Xp Тл 
а. ——— C. = = 
Вг OH / 
alkene: alcohol: 
addition reactions substitution and elimination 
nucleophile and base 
CI | OCH3 

b. A Қарына жалы ПРАВЕ 

2^ alkyl halide: + 40M 


substitution and elimination 
(* cis isomer) 


Chapter 10-44 
10.31 То devise a synthesis: 


[1] Look at the starting material and decide what reactions it can undergo. 
[2] Look at the product and decide what reactions could make it. 


? 
a. AOT Br : ao ы b. OH E 2 CX 
OH 


OH 
ДЕУ! halide һаоһуапп: alcohol alcohol 
an undergo f f 
Y И Сап undergo Сап be formed by 


substitution and elimination. i 
alkene with er and HzO. substitution and elimination. substitution and addition. 


Ch 


P T 0 о АИ oes. din 9 
H20 OH OH HS0, CY (1 BHs X 
| [2] H202, НО” OH 


OH is added to 
the more substituted C. (major 25 
product) OH is added to 


the less substituted C. 


10.32 Convert each ball-and-stick model to a skeletal structure and then name the molecule. 


6 C chain with a C=C —- hexene 

C=C at C2 —> hex-2-ene 

2 CHs's at C3 and C5 

Y Y 3 

В У two higher priority groups on opposite sides —- E isomer 
i Answer: (E)-3,5-dimethylhex-2-ene 


por 


2 5 C ring with a С=С — cyclopentene 
b. sec-butyl at C1 


1 methyl at C2 
Answer: 1-sec-butyl-2-methylcyclopentene 


10.33 


higher ——- The two higher priority groups are on the same side 
of the С-С, making it a Z alkene. 


а. priority 
is higher priority 


> т“ 


b. Add H20 in a Markovnikov fashion to form two products. 
OH OH 


+ 
: Н2504 : 8 
H 


IUe 
Tin 


10.34 


H20 
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OCH3 


Bro 
с. ee oe 2t 


CH30H 


10.35 Use the directions from Answer 10.2 to calculate degrees of unsaturation. 


a. СеНа 

1] maximum number of H's = 2n + 2 = 2(6) + 2 = 14 
2] subtract actual from maximum -14-8-6 

3] divide by 2 = 6/2 = 3 degrees of unsaturation 


1] maximum number of H's = 2n + 2 = 2(40) + 2 = 82 
2] subtract actual from maximum = 82 — 56 = 26 
3] divide by 2 - 26/2 - 13 degrees of unsaturation 


с. СюНивО2 

Ignore both O's. 

[1] maximum number of H's = 2n + 2 = 2(10) + 2 = 22 
[2] subtract actual from maximum = 22 ~ 16 = 6 
ВІ divide by 2 = 6/2 = 3 degrees of unsaturation 


d. СаНоВг 
Because of Br, add one Н (9 + 1= 10 H's). 
[1] maximum number of H's = 2n +2 = 2(8) + 2 = 18 
[2] subtract actual from maximum = 18 — 10 = 8 
ВІ divide by 2 - 8/2 - 4 degrees of unsaturation 


е. CgHgClO 
Ignore the О; count CI as one more H (9 + 1= 10 H's). 
[1] maximum number of H's = 2л + 2 = 2(8) + 2 = 18 
[2] subtract actual from maximum = 18 — 10 = 8 
[3] divide by 2 = 8/2 = 4 degrees of unsaturation 


f. СНМ 
Because of М, subtract опе H (11 – 1-10 H's). 
[1] maximum number of H's = 2n +2 = 2(7) + 2 = 16 
[2] subtract actual from maximum = 16 — 10 = 6 
[3] divide by 2 = 6/2 = 3 degrees of unsaturation 


g. C4HgBrN 
Because of Br, add one H, but subtract one for N 
(8+1—1=8 H's). 
[1] maximum number of H's = 2n + 2 = 2(4) + 2 = 10 
[2] subtract actual from maximum = 10 – 8 = 2 
[3] divide by 2 = 2/2 = 1 degree of unsaturation 


h. CigHigCINO 
Add one H because of Cl and subtract 1 H for М 
(18 +1-—1= 18). 
[1] maximum number of H's = 2n + 2 = 2(10) + 2 = 22 
[2] subtract actual from maximum = 22 – 18 = 4 
[3] divide by 2 = 4/2 = 2 degrees of unsaturation 


10.36 First determine the number of degrees of unsaturation in the compound. Then decide which 


combinations of rings and т bonds could exist. 


СоНи 

[1] maximum number of H's = 2л + 2 = 2(10) + 2 = 22 
[2] subtract actual from maximum = 22 - 14 = 8 

[3] divide by two - 8/2 - 4 degrees of unsaturation 


possibilities: 
4 x bonds 
Зл bonds + 1 ring 
2 x bonds + 2 rings 
1л bond + 3 rings 
4 rings 
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10.37 


1 
СІ 
а. | 2 b. 
ML d 


enclomiphene 
E 


tamoxifen clavulanic acid 
2 


10.38 Name the alkenes using the rules in Answers 10.5 and 10.7. 


3 
a. 2 vod (E)-6-isopropyl-3-methylnon-3-ene 
4 
1 9 


9 Cchain with a double bond = 


о 


попепе 
T 
b. 2-isopropyl-4-methylpent-1-ene 
Ш р == реп -1-епе 
5 C chain with а double bond = 4-methyl 
pentene 


2 
Е Es: 5-sec-butyl-1,3,3-trimethylcyclohexene 
1 


6 C ring with a double bond = 


hexene 
E double bond (higher priority groups 
. on opposite sides with bold bonds) 
4-isopropyl — 
d. ы 9 (E)-4-isopropylhept-4-en-3-ol 
3-ol -- | 
OH OH 
7 C chain with a double bond = һеріекепе 
heptene 


~— cyclohex-2-ene 5-sec-butylcyclohex-2-enol 
e. 
=<— 1-ol 
OH | OH 


6 C ring with a double bond = 
cyclohexene 


5-sec-butyl 


(E)-5-ethyl-3,4-dimethylnon-2-ene 


10.39 Use the directions from Answer 10.9. 


-— 4-ethyl 
а. (E)-4-ethylhept-3-ene 
| POE. 


3 
7 carbons 
Higher priority groups on 
opposite sides = Е. 


b. 3,3-dimethylcyclopentene 


| 


5 carbon ring 


7 —3,3-dimethyl 


с. 4-vinylcyclopentene 2 1 


5 carbon ring A 


d. (Z)-3-isopropylhept-2-ene 2 


А 
| ~— 3-isopropyl 
7 carbons 


Higher priority groups on 
the same side = Z. 


10.40 


a. 


ЗЕ VOSGES 
(2E,4S)-4-methylnon-2-ene (2E,4R)-4-methylnon-2-ene 
A B 


b. Aand Bare enantiomers. С and D are enantiomers. 
c. Pairs of diastereomers: A and C, A and D, B and C, B and D. 


10.41 
H 
a Ы с 
(1E,4R)-1,4-dimethylcyclodecene 
b "Н 


(1E,4S)-1,4-dimethylcyclodecene 
enantiomer 
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е. cis-3,4-dimethylcyclopentene 


1 
T ш 
5 carbon ring 4 3 —, 
| | $ % 


3,4-dimethyl 


f. 1-isopropyl-4-propyleyclohexene 


6 carbon ring 1-isopropyl 


я 


4-ргору! 
9. 3,4-dimethylcyclohex-2-enol он 
2 
47 3 
h. 3,5-diethylhex-5-en-3-ol 
HO 
5 3 


(2Z,4S)-4-methylnon-2-ene (2Z,4R)-4-methylnon-2-ene 
с D 


сұ 
> 


(1Z,4S)-1,4-dimethylcyclodecene 
diastereomer 


(1Z,4R)-1,4-dimethylcyclodecene 
diastereomer 
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Z alkene 
a. У Б. с. 
—-—— SS SS 
BONS 
R isomer / = S isomer 


8 carbons - octene E isomer 
2 CH3's at C3 and C6 


(3Z,6R)-3,6-dimethyloct-3-ene 


10.42 


10.43 Name the alkene from which the epoxide can be derived and add the word oxide. 


ethyl 
H H 
derived РО derived 
ej e оу е 
from 
H from 
6 carbon ring 7 carbon chain 
cyclohexene heptene 
1-ethylcyclohexene (E)-hept-3-ene oxide (E)-hept-3-ene 
or or 
1-ethylcyclohexene oxide trans-hept-3-ene oxide trans-hept-3-ene 
2-methyl 
О А | derived 
» ра f «024 n - 024 
from from 
| 5 carbon ring 
6 carbon chain cyclopentene 
hexene 4-tert-butylcyclopentene 
2-methylhex-2-ene oxide 2-methylhex-2-ene 4-tert-butylcyclopentene oxide 
10.44 a,b. E,Z and R,S designations are shown. 
E E RE S E S 
СНзО. X [o 
> / y 
4 i < М “сно 
Н 
ы OH 
Е | 
2” | №: 
2 
5 
5 
c. Nine double bonds that can be E ог Z 
Six tetrahedral stereogenic centers 
у | : 15 
Maximum possible number of stereoisomers — 2 
10.45 
О 
о 2 ар ME он 
он all trans double bonds 
higher melting point 
О 
eleostearic acid b. OH 


all cis double bonds 
lower melting point 
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10.46 
a HBr p А Вг, H20 ы. 
` OH 
но 
К И Њ5О, — on f. b - Br 
eA / aqueous DMSO OH 
c СНзСН>ОН - i di жо [1] BH3 OH 
Н2504 2 9. ч 
[2] H205, HOT 
4 Cle Рене 
j 2 с! 
10.47 


Е 


СІ 
гі 42-22... 
СІ а! 
27 
"OX — 0496 — 
Вг 
10.48 Hydroboration-oxidation results in addition of an OH group on the /ess substituted carbon, 


whereas acid-catalyzed addition of Н,О results in the addition of an OH group on the more 
substituted carbon. 


OH 


пса . OPO 


hydroboration—oxidation 


or Both methods would give 


hydroboration—oxidation 


b. DIEN 
[5 


acid-catalyzed addition 


product mixtures. 


10.49 


H adds here to less substituted C. 


Br 
d. 2 
| H20 
Br adds here 
to less substituted C. 


to less substituted C. 


HCI 
b. H20 
| H5SO4 
H adds here 
to less substituted C. 


a. Ж 2------% 5 55% [1] ВНз 
| СІ | [2] H202, НО” 
ВНз adds here 
Ov e 
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[1] 9-BBN on Br2 
e. x — f. ----- 5- 
| [2] Н20>, НО” Br Br 


OH adds here 
to less substituted C. 


10.50 
or жеге с LT 
"a ELT Еа 
(ог 2 іѕотег) (or E isomer) 
10.51 
Br 
a. + | 
Вг 
2 ОН 
b. чи 7 = sx i 2 
H20 ~ 
а 
ra 
NBS 2 pOH 
© zs DMSO, НО И „а 
Br 
d. 2 
Н,504 HO 
10.52 
"s жая EE S 
a. 
H2SO,4 


only anti addition 


only syn addition 


a 
x. 
SS 
= m 
= | 
е, 
I 
О 
у 
Iz 
M 
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сі OH 
С ~ 
е. + only anti addition 
H20 У 
он “СІ 
н он HO H OH 
4 ~ H20 ©. " а % 
ПРАВУ 
Н2504 
B 
g. r2 | Вг + а Br 
2 Вг Вг 
CH30 CH30 CH3O 
" 4 НСІ i : 
" 
сњо“ сњо“ - сњо“ 
3 3 CI 3 CI 


10.53 The alkene that forms the more stable carbocation when Н? is added reacts faster. Both alkenes 
form 2? carbocations, but the carbocation from B is also resonance stabilized by the benzene 
ring. As a result, B reacts faster. 


o о 


2% carbocation 


m — 
B 
10.54 


a. The trans isomer gives А and B, which are drawn with 2 Br's anti, the stereochemistry that 
results during Br, addition. 


Br 
2 Bro 
Br 
A 


b. Because C and D are drawn with 2 Br’s on the same side of the carbon skeleton, the molecules 
must be re-drawn with Br’s anti to see the stereochemistry of the C=C. 


+ 3 more resonance 
structures 


Br H $ 
= rotate Br ” 
4 — 4 Вг 2 “н 
Br H ? 
Cis alkene forms C and D. 
C (or D) Br's are now anti. 


2 H's are on the same side. 
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10.55 
( CI 
н-СІ СІ А 
1,2-shift CIO 
H H * 
+ V C h a 
2° carbocation H | 
3? carbocation 
10.56 
j 
:0-H AN он 
EN H20 T. 12.shift HSO4 
D H3SO, J Í 
- H20 
H-~OSO3H + Н5О4 2m 
2° carbocation 3° carbocation + H2504 
10.57 
/ L OSOH 
AN” “бн NERO OH + H250, 
де H5SO4 эк 
[9] о 
Re te Veh | + 
H 
+ HSO,7 d 
-OSO3H 
10.58 
4: 
и: — ОН? H H 
U = x + H30* 
- 
ОТН OH 


+ Нзо" 


+ H30* 
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10.59 Тһе isomerization reaction occurs by protonation and deprotonation. 


HSO,7 


2,3-dimethylbut-2-ene 


10.60 
Н—Вг 
== , \ Ви 
Вг 
Вг 
| Because two resonance structures сап be drawn 
for the intermediate carbocation, two different 
Br products result from attack by Br. 
10.61 
Br ТІ 


Вг О 
НВг 
T HBr ss с ж di pus 
A did S ыл бен, ( К О Б 
| a КГ ре 
+ О н о 
y + % 
о Ре did. A. Ww 
NOCH ош. ү о го” 


r D 


H H 
: E H 
This carbocation is resonance This carbocation is destabilized 
stabilized by the O atom, so B is by the à* on the adjacent C, 
preferentially formed. 


so it does not form. 


This carbocation is formed preferentially 
and results in product D. It is not 
destabilized by an adjacent electron- 
withdrawing COOCH3 group. 


10.62 
& Br " p x 
A mm О Вг: 
G " Ty, . ШР 
РМ КК ----->- po — + HBr 
+ авг: 
10.63 
он 
Pw РВгз РЕ: K* -OC(CH3)s жы 4 H20 + H2504 pu 
= >< — 
| | | 
E OH adds to more substituted C. 
РОС, pyridine 
Br ње 
К СОС(СНз)з [1] BH3 NaH о СНзЇ OCH 
b. OH Pan LAS Pa eu NET 3 
AS нор но ^ У 


+ H2 


K* -OC(CH3); HCI 
" ү І bd HO - 
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> Br? Br 
d. ——— qu 
Br 


NaNH> 


------->- 


ехсе55 


Вг 
" RET K* -OC(CH3)s ums Вг ее 
" OH 
f. --- 
а N но СІ 
10.64 
ЖУ СІ (à 
2 t m s 
a mu Eu > Ср 
H 5 
Р он О: 


[f] “SH 


[2] H20 


(from a.) 


OH 
СҮ * enantiomer 
"SH 


10.65 
С6Ні2: 
1 degree of unsaturation 
A K* OC(CH3)s 1H NMR of T (ppm): 
B H,: 1.01 (singlet, 9 H) 
' Hy: 4.82 (doublet of doublets, 1 H, J = 10, 1.7 Hz) 
Hc: 4.93 (doublet of doublets, 1 H, J = 18, 1.7 Hz) 
На: 5.83 (doublet of doublets, 1 Н, J = 18, 10 Hz) 
H* 
— > U 1H NMR of U: 1.60 (singlet) ppm = 
OH 
10.66 


en, 


мамн; 


ехсе55 


II 


Ha T 
"ON 

H 
Ha >~ H н< Hp 


All H's are identical, so 
there is only one singlet 
in the NMR. 


Having two rings joined together as in A and B creates a very rigid ring system and constrains 


bond angles. Evidently the bond angles around the C=C in A are close enough to the trigonal 
planar bond angle of 120°, so A is stable. With B, however, the C=C is located at a carbon 
shared by both rings and the bond angles around the C=C deviate greatly from the desired angle, 


so B is not a stable compound. 
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10.67 
Toh. S + А Сто 
==) = + TsOH 
А + TsO isocomene 
10.68 
Na* ол 
_ О 
H-O hdi rox Du 2 А 
> T 
~ I—I ^ т. А 4 К ; : 
т УЛ — i 
OCH; ; осн; оснҙ осн; 
HO в HO HO i HO 
c 
+ Nat + Н,СОз 
10.69 


:OH он; 
E f^ + 2" carbocation 
H—OSO3H 
+ Н5047 + H20 
1,2-H shift 
| | КН 
Н504" ~N 
б) 
+ 
H 
+ H3SO4 3° carbocation 
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10.70 
(ғо 
[NX H 
- ^ 
H7 0803H re-draw AE A 
EN ж WN Е - NAT, 
+ HSO47 A 
Н, | 
У 12-Н shift 
p E 5 + HS0, 2 
H= + H2SO4 
A В о; 


3 HN 
1,2-CH3 shift + Н,504 
H H 


B HSO4- 
10.71 
X Н—О5ОЗН A 
9 Ж O-H == 
4 OH Ho: OH но он 
+ HSO% H20: Г H + 250, 


HSO4- 
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Chapter 11 Alkynes 
Chapter Review 


General facts about alkynes 


e  Alkynes contain a carbon-carbon triple bond consisting of a strong o bond and two weak т bonds. 


Each carbon is sp hybridized and linear (11.1). 
1809 


Н-С-С-Н = сое е 


acetylene | | 
sp hybridized 
Alkynes are named using the suffix -yne (11.2). 
Alkynes have weak intermolecular forces, giving them low mp's and low bp's, and making them 
water insoluble (11.3). 


e Because its weaker т bonds make an alkyne electron rich, alkynes undergo addition reactions with 
electrophiles (11.6). 


Addition reactions of alkynes 


[1] Hydrohalogenation—Addition of HX (X = Cl, Br, or I) (11.7) 


e Markovnikov's rule is followed. H bonds 
to the less substituted C in order to form 
the more stable carbocation. 


H-X 


R — ——————- 


m (2 equiv) 


Хх e Anti addition of X, occurs. 


(2 equiv) 


o 5 e Markovnikov's rule is followed. H 


р 20 Д. bonds to the /ess substituted C in order 
H2504 R R to form the more stable carbocation. 
Н9504 enol e Theunstable enol that is first formed 


rearranges to a carbonyl group. 
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[4] Hydroboration—oxidation—Addition of H,O (11.10) 


e The unstable enol, first formed after 
oxidation, rearranges to a carbonyl 


group. 


[1] RBH aN 
Е-== = 


[2] H202, НО OH 


Reactions involving acetylide anions 


[1] Formation of acetylide anions from terminal alkynes (11.6B) 


КЕ Уу ‚он e Typical bases used for the reaction are 
2 NaNH, апа NaH. 


[2] Reaction of acetylide anions with alkyl halides (11.11A) 


L e The reaction follows ап 5,2 mechanism. 
L e The reaction works best with СН,Х and 
RCH,X. 


[3] Reaction of acetylide anions with epoxides (11.11B) 


ух e The reaction follows ап 5,2 mechanism. 
HS CSC: TT llic s | e Ring opening occurs from the back side 
at the less substituted end of the 
epoxide. 


Practice Test on Chapter Review 


1. Draw the structure for the compound with the following IUPAC name: 5-tert-butyl-6,6- 
dimethylnon-3-yne. 


2.a. Which of the following compounds is an enol tautomer of compound A? 


Mee 


4. Acan be a tautomer of both compounds (1) and (2). 
5. А сап бе a tautomer of compounds (1), (2), and (3). 


Alkynes 1-3 


b. Which of the following bases is strong enough to deprotonate СН,С--СН (ргорупе, pK, - 25)? Тһе 
pK, s of the conjugate acids of the bases are given in parentheses. 


CH,Li (pK, — 50) 

NaOCH, (pK, — 15.5) 

NaOCOCH, (pK, = 4.8) 

The bases in (1) and (2) are both strong enough. 
The bases in (1), (2), and (3) are all strong enough. 


Choco NS 


3. Draw the organic products formed in the following reactions. 


NES 1] R2BH 
ЕКЕН Шы " o H20 
[2] H202, “OH m H3SO4 


" C __ мн 
Е о 
LN 


[2] 


[3] H20 ( 2 HBr 
A БРЕ 


^ о M i [1] ТӘСІ, pyridine 
| р 


[2] с=сн 


4. Draw two different enol tautomers for the following compound. 


5. What acetylide anion and alkyl halide are needed to make the following alkyne? 


—. 
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Answers to Practice Test 


ЈЕ 28. 2- 22, 4. 


i ES 7 52 » 
5-24 


Answers to Problems 


11.1 


OH OH 


\ 


a. most acidic Н 


OH OH о 


nepheliosyne B 
a. The most acidic H is part of the COOH group of the carboxylic acid. 
b. The shortest С-С с bond is formed from C atoms with a higher percent s-character. The labeled 
C-C bond is formed from an sp hybridized orbital and an sp’ hybridized orbital. 
c. Nepheliosyne B has four triple bonds and five double bonds — 13 degrees of unsaturation. 
d. Six bonds (labeled with x) are formed from Csp—Csp’. 
e. АП triple bonds are internal except the С=С at the end of the chain, which is boxed in. 
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11.2 To name ап alkyne: 

[1] Find the longest chain that contains both atoms of the triple bond, change the -ane ending of the 
parent name to -yne, and number the chain to give the first carbon of the triple bond the lower 
number. 

[2] Name all substituents following the other rules of nomenclature. 


(Number to give the lower 
10 number to the first site of 
unsaturation.) 


4-ethyl-7,7-dimethyldec-1-en-5-yne 


d. 1 (The longest chain must contain both 
— 3 5 functional groups.) 


Қ 3-isopropylocta-1,5-diyne 
5-chloro-5,6-dimethyloct-3-yne 


11.3 To work backwards from a name to a structure: 
[1] Find the parent name and the functional group. 
[2] Add the substituents to the appropriate carbons. 


OH < OH on C1 OH 


a. trans-2-ethynylcyclopentanol 


: . жАСЕСН = ethynyl at C2 ог СЕСН 
5 Cring with OH at C1 


«tert-butyl at C4 
b. 4-tert-butyldec-5-yne SEEMS 


10 C chain with We 
a triple bond ТА 


triple bond at C5 
c. 3,3,5-trimethylcyclononyne 


9 C ring with а 
triple bond at C1 


triple bond at C1 


11.4 Two factors cause the boiling point increase. The linear sp hybridized C's of the alkyne allow for 
more van der Waals attraction between alkyne molecules. Also, a triple bond is more polarizable 
than a double bond, which increases the van der Waals forces between two alkyne molecules as 
well. 


11.5 To convert an alkene to an alkyne: 
[1] Make a vicinal dihalide from the alkene by addition of Х,. 
[2] Add base to remove two equivalents of HX and form the alkyne. 
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Вг 
Ма"“МН Ма" “МН 
а. Br Жы 2 Вг Ты а а : p dad 
not isolated 
CI 
“т = Я 787. МЕМ ЗЕ: EU — 
b. 
(2 equiv) 
H5SO4 Clo Nat “Мн; 

с NN oH INF ------ а = ОСУ Зы. 

(2 equiv) АХА 


СІ 


11.6 Acetylene has a pK, of 25, so bases having a conjugate acid with a pK, above 25 will be able to 
deprotonate it. 


а. CH3NH [pKa (CH3NH5) = 40] с. CH2=CH™ [pKa (СН--СН;) = 44] 
pK, > 25 = Can deprotonate acetylene. рК» > 25 = Can deprotonate acetylene. 
b. СОз2- [pK (НСОз”) = 10.2] d. (CH3)3CO™ [pKa ((CH3)3COH) = 18] 
pK, < 25 = Cannot deprotonate acetylene. pKa < 25 = Cannot deprotonate acetylene. 


11.7 To draw the products of reactions with HX: 
. Add two moles of HX to the triple bond, following Markovnikov's rule. 
» Both X's end up on the more substituted C. 


11.8 


11.9 Addition of one equivalent of X, to alkynes forms trans dihalides. Addition of two equivalents of 
X, to alkynes forms tetrahalides. 


Br Br 
2 Bro 
а — i 
Br Br 


a а 
b. == ШАР == trans dihalide 
cl 
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11.10 


Cl СІ The two СІ atoms are electron withdrawing, 
mm — == making the x bond less electron rich апа 
CI therefore less reactive with an electrophile. 


11.11 To draw the keto form of each enol: 
[1] Change the C-OH to a С=0 at one end of the double bond. 
[2] Add a proton at the other end of the double bond. 


бе o «DUO OX 


new С-Н bond 
new С-Н bond 
рме = | 
= nd С-Н bond “Да. x pam 
new on 
н 


пем С-Н bond 


11.12 The treatment of alkynes with НА, H,SO,, and HgSO, yields ketones. 


= N = а li Е Е IOA 
—— Ум + ----.-- 
Н:504, Н950; FA ^^ <— + 


Two enols form. two ketones after 
(E and Z isomers) tautomerization 
11.13 
OH OH OH OH 
enol tautomers constitutional isomers, 


but not tautomers 


11.14 Reaction with H,O, H,SO,, and HgSO, adds the oxygen to the more substituted carbon. 
Reaction with [1] R,BH, [2] H,O,, OH adds the oxygen to the less substituted carbon. 


Forms a ketone. H20 is added with the 
O atom on the more substituted carbon. 


2 n peu 
= Н-5Ол, Нд9504 
ПІ R2BH Forms an aldehyde. H20 is added with the 
— |р]н,о,, HO ^ O atom on the less substituted carbon. 
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H20 
b. Е > 
Њ;50,, HgSO4 


[9] 
LI [1] R2BH Forms an aldehyde. H20 is added with the 
[2] H202, HO - o O atom on the less substituted carbon. 
H 


11.15 For both hydration methods to give the same ketone, the starting alkyne must be symmetrical. 


Forms a ketone. H20 is added with the 
O atom on the more substituted carbon. 


11.16 


a Н-СЕС-Н - H-C=C: + H, қ Nee 


2] 4^7 
[f] ман Gees up с. EF = 1° alkyl halide 
jo MP ғ substitution product 


elimination product 


ы үй + NaBr 
М [= све + NH, (2] » = + NaCl 3° alkyl halide 
+ 


11.17 


% L Z ‚ Да + -СЕС-Н terminal alkyne 


only one possibility 
T RX 


internal alkyne 
two possibilities 


с. == 3 Sg © =< internal alkyne 
f RX only one possibility 


x ? E с + рыс. 2) The 3° alkyl halide 


would undergo elimination. 


3° RX 
too crowded Тог 542 reaction 


11.18 


11.19 
= ПІ :С-С-Н = OH Epoxide is drawn up, so the 
a. о acetylide anion attacks from below 
[2] H20 i at less substituted С. 


Ж 


Alkynes 11-9 


Br 


ПІ :С-С-н 9H eu Backside attack of the nucleophile 
b. 2 muo © Ў ("Сесн) occurs at either C because both 
[2] H2 К он ends are equally substituted. 


enantiomers 


11.20 


1 
| 
7 


Pd 
| 
5 
2 
Y 
d 
О 
Y 
| 
5 


11.21 To identify the acetylide anion and epoxide starting materials, locate the carbon bonded to the 


OH group and the carbon adjacent to it bonded to the С=С. 
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Form this bond. 


Form this bond. 


ОМА — О d 


Form this bond. 


с = -- ае BSS 
он 


11.22 To use a retrosynthetic analysis: 
[1] Count the number of carbon atoms in the starting material and product. 
[2] Look at the functional groups in the starting material and product. 
e Determine what types of reactions can form the product. 
e Determine what types of reactions the starting material can undergo. 
[3] Work backwards from the product to make the starting material. 
[4] Write out the synthesis in the synthetic direction. 


^ НСЕСН 
6 C's 2 C's 
= ——> Мы е + а ==> HC=C + 27g 
А ж = и 
Г Na* H Kx Br € мн Ж ч 
НС-С-н НС-С EH = == > === 
11.23 
О 
Pw Т => НСЕСН 
product: starting material: 
4 carbons, aldehyde functional group 2 carbons, С-С functional group 
(сап be made by hydroboration—oxidation of (can form an acetylide 

a terminal alkyne) anion by reaction with NaH) 

О 
Retrosynthetic "s LÀ = ^ H-czc-H 
analysis: H 


[9] 
ме ж 
Na'H: PME. FW 
Forward direction: H QAO NS “іСЕс-н Br, [1] R2BH ‚ ü 
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11.24 
6 
a. 3 6 C alkyne— hexyne 
2 С-С at C1 — hex-t-yne 
% СНз and CH2CHs at СЗ 
| 4 3-ethyl-3-methylhex-1-yne 
hex-1-yne 
3 5 E 
6 => = 12 C chain with 2 С=С'$ —* dodecadiyne 
i 11 C=C's at C3 and C5 —> dodeca-3,5-diyne 
1 СНз at СМ 
11-methyldodeca-3,5-diyne 
11.25 
О 
2 `OH H 
a. b. 
О OH 
keto form enol form enol form keto form 
11.26 
^ N | ~ FB) 0c cs? 
a, b. Met SS D с. a (2) (2) Csp?- Csp 
1 | | (3) Csp—Csp? 
Оо 2 H тте Increasing bond strength: 
erbinafine 
HN Ж | ()<(3)<(2) 
erlotinib most acidic 


R 
С-Н proton 
p d. 
shortest C-C single bond er^ E] 
Csp—Csp? 


11.27 Use the rules from Answer 11.2 to name the alkynes. 


a. 3 5-ethyl-2-methylhept-3-yne d. 


non-4-yne 


—— 6-ethyl 


D. 3З-енуі at 
1 7-methyl —-/ 7 
(E)-4,5-diethyldec-2-en-6-yne 
== 4-ethyl 
3,6-diethyl-7-methylnon-4-yne 
6-methyl и 

=== 1 __ 

с. === Џ === == ethynyl 


-— 3-ethyl 


T-ethynyl-6-methylcyclohexene 
һех-1-упе 3-ethylhex-1-yne 
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11.28 Use the directions from Answer 11.3 to draw each structure. 


а. 5,6-dimethylhept-2-yne 


hept-2-yne E 


b. 5-tert-butyl-6,6-dimethylnon-3-yne 


7 


non-3-yne 


— 6,6-dimethyl 


ы. 


| 


5-tert-butyl 


c. (S)-4-chloropent-2-yne 


ст— 4-chloro 


NEN Сен S configuration 


pent-2-yne 


d. cis-1-ethynyl-2-methylcyclopentane 


1-ethynyl 


-— 2-methyl > 


e. 3,4-dimethylocta-1,5-diyne 


— ——— , 3,4-dimethyl 


diyne 


11.29 Keto-enol tautomers are constitutional isomers in equilibrium that differ in the location of a 
double bond and a hydrogen. The OH in an enol must be bonded to a С=С. 


OH 
: C. 97 апа fee 
О 


* C=C “С-О 
“ОН on С=С “опе more CH bond 


кею-епо! tautomers 


re en 


OH is not bonded 


ie г а to the С-С. 
constitutional isomers but 


not keto—enol tautomers 


-C=C C=O О 
• OH on С=С * one more СН bond 


кею-епо! tautomers 


[9] OH 
and 
d. 
HO О 


H OH is not bonded 
to the С-С. 

constitutional isomers but 

not keto—enol tautomers 


11.30 To draw the enol form of each keto form: [1] Change the C=O to a C-OH. [2] Change one 
single С-С bond to a double bond, making sure the OH group is bonded to the C=C. Use the 
directions from Answer 11.11 to draw each keto form. 


----- 


[9] OH 
cre [yn 
a. 
OH OH 
OH OH 
b. + 
О НО НО 


OH 


HO HO 
H 
CROCO 
OH о 
он 
ч: он о 
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11.31 Tautomers are constitutional isomers that are in equilibrium and differ in the location of a double 
bond and a hydrogen atom. 


О О он О О OH OH O О он 
к Б 0067 P. р E Te 4 и 
А 


11.32 
Жа. 
Қ 
enamine V. 
њој J” 
11.33 


| 


11.34 


tautomer 


H 


HCI 


(2 equiv) 


= Жо. 


(2 equiv) 
СІ CI 
СІ; СІ 
(2 equiv) CI 
H20 


Њ50,, HgSO, 


Њ50,, HgSO, 


(2 equiv) 


e 
POI 


constitutional isomer 


А 
Ч о 


constitutional іѕотег neither 


Y 
+ H20: imine 
О 
RBH De A 
[2] H202, HO H 


[1] NH? 
[2] CH3CH2Br 


/ 


[1] NH? HO 
SS 
[2] О Lh ЧР 


Chapter 11-14 


[1] NaH en 


[2] CH3CH>Br 


11.35 Reaction rate (which is determined by Е) and enthalpy (АН?) are not related. More exothermic 
reactions are not necessarily faster. Because the addition of HX to an alkene forms a more stable 
carbocation in an endothermic, rate-determining step, this carbocation is formed faster by the 
Hammond postulate. 


R' R' R' R' 
_ HX à HX 
К-С-С-ғ = ———R' - — = - д - 
R R X R R R X 
sp hybridized carbocation sp? hybridized carbocation 
less stable more stable 


Slower reaction faster reaction 


11.36 
o OH 
a; Bore о о | 
0 он 
Ж 
О OH 
11.37 
: d Any 
a. = b. == = 
ерт ul 
О 
11.38 
Br Br 
Ж 2 HBr 
а жо С SEE о 


СІ 
а (2 equiv) 


о 
t 
NS 
т 25 
I 
О, 
t 
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е. НСЕС + DO 


HC=CD + рО” 


О 
О 
> = H20 
f. === N * 
H2SO4 
1] NaNH 2 
— g 2 == + OTs 
g S. > Еке 
[2] “918 
И] НС=С ІРІ НО-Н 
ч “он 
SS 
[1] Мамн> 
= - 9 - Cr > 
urs [2] 2 о он 
E [1] Na H M LN mu [3] HO-H uu 
j; —— SS RN c Е pe na 
11.39 
most acidic H 
| [1] NaNHa 
[2] СНзІ 
он 
D dr eH X - P dom 
A Мамн; will remove the 
proton from the 
OH because it is more acidic. 
p cub Fa d ГЕ 
22 iP Ж om 
CH3—I 
11.40 
stereogenic center at identical 
the site of reaction 
= О RE 
A | СІ НСЕС don c c. И] Hczc 
E 4 >- 4 нуу «7 
2; = 2] H20 
Б it / Ys [2] H2 


А inversion 
stereogenic center NOT 


atthe site of reaction Configuration is retained. 


b 2 HcEC. | с=сн а. FR р НСЕС 
a Т [2] H20 


enantiomers 
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11.41 
~ HN. m с: 
OH атты | 
retention a 
c. Bu PY x Pv. 
inversion inversion 
11.42 
OH OH 


# 


These 2 C's аге added. 


о ША= НСЕС „ок S OH 
ZN OR -- 
[2] H20 | | = ТӘСІ, pyridine 


oS errs óü Y OH 
/ SS [1] NaH Sus И] ман ші EE 2 
2] CHsI - 
new C-C bond D [2] 3 [2] C = CH3CH2Br 
11.43 
OCH3 P 
H 
О 
Ж N bp. О 
ERIS E 
H— OH X A 
[ox 82504 an H20: 
Q 4 z 
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Both carbocations X and Y have additional resonance stabilization because they аге located 
adjacent to a benzene ring. This explains why only one ketone is formed from the internal 


alkyne. 
11.44 
a A d —— VR vs + тон 
il OECD. 


+ H20: PE 
11.45 
a. 
ы SN ~ < 
n m ІН E | | = | ^ тон 
ш Н 
5 .. 
Н :0: > 
n "i ҚА 
CH3CH; Lit + CH3CHs н-бн 
+ Lit 
4, нѕо N 
7 Н-0503Н " 
К К | 
ТОН ОН? В О-Н 
b. ---- C = + £O = z ed но 2 jae 
SS ES ja 
+ HSO4. resonance structures | 
H 
O-H 
ата жат. ја pou DA — 
| 
Eget oW. (с | 
жайы р H-OSO3H 
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11.46 Тһе alkyl halides must be methyl or 12. 


" as == сек TOSS 
Qc = OK PE 


11.47 Follow the directions in Problem 11.21. 


Form this bond. 


a. CH30 Ф = ' = со =: + А 
OH 


Form this bond. 


OH 
2 о 
b. sui ===> +  1СЕСН 


Form this bond. 


/ ; 


OH 


11.48 
Ма“ н“ а E NaH pu 
а. HC=C-H ~ НСЕС 4 == f 
СІ | 
[1] R2BH ? 
b. == H - - 
/ І21Н2Оҙ, НО" А H 
(from a.) 
N а A= H20 те 
С жарт == 8,504, HgSO, - 
(from a.) 
11.49 


CI 
C E 
a. Se sees ee СІ Euro == 
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HBr Br Br 
b == > 
(2 equiv) 
(from a.) 
О 

= NaH me m ZA 
G a m w, 

(from a.) [2] H20 OH 


[n ye В „ОН 


^, 


(from c.) Su 


(* enantiomer) 
11.50 


В”; ӨН к Ө: оно Өн 
ТЕ? ӨЛ 
2 К К 
Br с СЕСН S ~ 


Ман | + enantiomer + епапотег 
НС- СН 

11.51 

Вг Вг 
( KOC(CHs)s Co Br; (УС кос(снз)з u 
Br DMSO ы 
(2 equiv) 
А B С р NaNH> 
Ж СНзІ mE 
E 
11.52 


Br = 
NaH РА p p 
ас "ose à Hose" xim И =", 
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11.53 
Вг 
K* “ОС(СН3)з Bro NaNH> NaH e 
zgr > CH2=CH2 - coc HC=CH > HC=C 
в 
is did a nee == a Bi Di < Ман LI 
Њ50,, HgSO 
О 2294, H9>94 
11.54 
Bro KOC(CH3)s NaH 
OMM --- ШЕМЕН СТЕНД Zao = > © > 
Вг (2 equiv) SS A <. 
Вг 
СІ B 
а OEE а ВН чыш кше] 
H20 O 
OH 
j^ 
OH o 
а e Y H20 dad wo 
dodec-7-yn-5-ol 
11.55 
H2504 p Вг 2 NH; mu NaH = 
а. Se on Ao хун - === > === 
Вг | » = 
SOCI, 
Хон in. 


" СІ; Ман [1] Oo — 
БСУ H20 оре ios (from a.) ) 


О 
(from a.) OH [2] ЊО HO 
11.56 
H3SO4 вә Br NaNH E 
“он ~ СН;-СН; E = 2. цс=сң — HV. нс=с 
(2 equiv) PB 
їз 
Св uelle qu oH 
[1] NaH 
== < 5 HC=C 
[2] 
HO LN 
[3] H20 
Br NaH О 
H2504 Br2 
У = CH2 == СН; >- 2% xq £X 
H20 OH 


11.57 


CgH4o: 
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2 degrees of unsaturation 

IR peak at 3000 ст“; Csp?—H bonds 
peak at 3300 ст”! C,,-H bond 
peak at ~2150 ст”! C=C bond 


= 


13С NMR: 4 signals: 4 kinds of C's 


11.58 Two resonance structures can be drawn for an enol. 


+ОН 


е 


negative charge on С that is 
< рагі of the enol C=C 


Because the second resonance structure places an electron pair (and therefore a negative charge) 
on an enol carbon, the C=C is more nucleophilic than the C=C of an alkene for which no 


additional resonance forms can be drawn 
C=C by a resonance effect. 


11.59 
О 
=== ij N-CI 
but-2-yne 
О 
О 
~ Сер 
:CI—N = a 
ics dM 
а снаон 
+ IN 
О 
О 
:CI—N 
% E Re 
a a 
CH30H о 
+ IN: 
О 
11.60 
5-н 5- 
Epic 
H H 


. Thus, the OH group donates electron density to the 


CH30H па Ри 
cl cl 
Тер : Че 
39 . 
Н 
р 
( + CH3ỌH2 
снзон 
бай : i Cl 
СІ У 
= Хо ---->- + CH3O0H5 
жы --0:0- 
У 
CH3OH 
:O—H O—H H20 О: 
Є «озн њо 
H H H 
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11.61 


= >» pid “Вг: = : Ве i у 


З) БЕ 
m H3O* 


H20: 


11.62 A more stable internal alkyne can be isomerized to a less stable terminal alkyne under these 
reaction conditions because when CH,CH,C=CH is first formed, it contains an sp hybridized С-Н 
bond, which is more acidic than any proton іп СН,-С-С-СН,. Under the reaction conditions, this 
proton is removed with base. Formation of the resulting acetylide anion drives the equilibrium to 
favor its formation. Protonation of this acetylide anion gives the less stable terminal alkyne. 


H^ 4 Sf 
кошш Щу + ЕНЕР >- yx. Bo > с и: jum * NH; 
о = 
but-2-yne <. н, H 
* NH3 : NH2 


acetylide anion but-1-yne 
A B 
< А DNE : 
— :NH2 5 == 7 Е m c= 
Hu 
2,5-dimethylhex-3-yne + NH3 : | 


2,5-dimethylhexa-2,3-diene 


With 2,5-dimethylhex-3-yne, the reaction stops with formation of 2,5-dimethylhexa-2,3-diene because a 
terminal alkyne (with an acidic sp hybridized С-Н bond) is not formed. Removal of the H in the diene 
re-forms the anion shown in resonance structures A and B. 
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/, H20 
О Nune 
n diu УЫ E A --- 
H [9] 
+ но 4 | О 
| т LES H 
| | 
О о? og {ән OH ig 
= “Н р к 
M иди б WU. 


Е 
НСООН resonance structures enol 


11.64 In the presence of acid, (R)-a-methylbutyrophenone enolizes to form an achiral enol. 


" 
o Oe С 


OH 


(R)-a-methylbutyrophenone (+ 1 resonance 


(E and Z isomers) 
structure) 


achiral enol 


The achiral enol can then be protonated from above or below the plane to form a racemic 
mixture that is optically inactive. 


:OH below 


/ + above 
H — OH; 


+ H30* 


racemic mixture 
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Chapter 12 Oxidation and Reduction 
Chapter Review 


Summary: Terms that describe reaction selectivity 


e A regioselective reaction forms predominately or exclusively one constitutional isomer 


(Section 8.5). 
ж D sq 


major product minor product 
trisubstituted alkene disubstituted alkene 


e A stereoselective reaction forms predominately or exclusively one stereoisomer (Section 8.5). 


Na* -OCH5CH4 + 
Вг Z 


trans alkene cis alkene 
major product minor product 


e An enantioselective reaction forms predominately or exclusively one enantiomer (Section 12.15). 


Ny NM О 
“NOH = wy “т "T or СА Жы 
arpless Ју \ 
reagent | о! он 
allylic alcohol 
One enantiomer is favored. 

Definitions of oxidation and reduction 
Oxidation reactions result in: Reduction reactions result in: 
e ап increase in the number of C-Z bonds, ог e a decrease in the number of C-Z bonds, or 
e adecrease in the number of C-H bonds. e an increase in the number of С-Н bonds. 


[Z = an element more electronegative than C] 


Reduction reactions 


[1] Reduction of alkenes— Catalytic hydrogenation (12.3) 


" қ HH e Syn addition of Н, occurs. 
= И: УЧ 5х R e Increasing alkyl substitution on the С=С 
H 4 Pd, Pt, or Ni decreases the rate of reaction. 


H H 
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[2] Reduction of alkynes 


a Р — в E 
Pd-C 
H 
b. R— 2 
Lindlar 
catalyst 

с E rR NE, NN 
NH3 


e Two equivalents of H, are added and four 
new С-Н bonds are formed (12.5A). 


e Syn addition of H, occurs, forming a cis 
alkene (12.5B). 

e The Lindlar catalyst is deactivated so that 
reaction stops after one equivalent of H, 
has been added. 


e Anti addition of H, occurs, forming а 
trans alkene (12.5С). 


trans alkene 


[3] Reduction of alkyl halides (12.6) 


M] LiAIH 
R-X 3 Вн 
[2] H20 alkane 


The reaction follows ап 8,2 mechanism. 
СН,Х and RCH,X react faster than more 
substituted RX. 


[4] Reduction of epoxides (12.6) 


И] ЦАНА, 
У [2] H20 


alcohol 


Oxidation reactions 
[1] Oxidation of alkenes 


a. Epoxidation (12.8) 


У + кон — 


epoxide 


The reaction follows an S,2 mechanism. 
In unsymmetrical epoxides, Н (from 
ПАН, ) attacks at the less substituted 
carbon. 


The mechanism has one step. 
Syn addition of an O atom occurs. 
The reaction is stereospecific. 
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b. Anti dihydroxylation (12.9A) 
[1] RCO3H e Ring opening of an epoxide intermediate 

) ( [2] H20 (H* or НОЈ _ with OH or H,O forms a 1,2-diol with 
12-diol two OH groups added in an anti fashion. 


c. Syn dihydroxylation (12.9B) 


H 


о о 

[1] 0504; [2] NaHSOs, H20 N Ж 

= -| асс. 
YN 


[1] OsO4, ММО; [2] NaHSO3, ЊО 
or 1,2-diol 
КМпО,, H20, НО” 


Н 
; e Each reagent adds two new С-О 
bonds to the С=С in a syn fashion. 


7 


d. Oxidative cleavage (12.10) 


ІП Os - e Both the c and т bonds of the 
R u — [2]Zn, H20 or alkene are cleaved to form two 
CH3SCH3 


ketone aldehyde carbonyl groups. 


R R' 
[1] Оз 

R——R' = =o + o= e The o bond and both т bonds of the 
a. [2] H20 HO OH 

internal alkyne alkyne are cleaved. 

carboxylic acids 

pom Hes R 
b === ame + СО; 

terminal alkyne [2] H20 HO 


e Oxidation of a 1° alcohol with PCC or 


а вон = HCrO, (Amberlyst A-26 resin) stops at the 
f? alcohol HCrO4- aldehyde aldehyde stage. Only one C-H bond is 
S сна replaced by a C-O bond. 


resin 
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e Oxidation of a 1? alcohol under harsher 
reaction conditions—CrO, (or Na,Cr,O, or 


Б, өзе ae: K,Cr,0.) + H,O + H,SO,—affords a 
anes, Ul ene RCO,H. Two C-H bonds are replaced by 
two C-O bonds. 
OH о ө А 2° alcohol has only опе С-Н bond on the 
М 5 —— Е ple carbon bearing the OH group, so all Сі” 
| ЕКИ НСгОд- кеюпе reagents—PCC, CrO,, Na,Cr,O, K,Cr,O,, 
i. De. or HCrO, (Amberlyst A-26 resin)— 


oxidize a 2? alcohol to a ketone. 


[4] Asymmetric epoxidation of allylic alcohols (12.15) 


OH . (CH3)3C—OOH 
жар” Ti[OCH(CH3)s]a 


R 


with (-)-DET with (+)-DET 


Practice Test on Chapter Review 


1.а. Compound X has a molecular formula of C,H,, and contains no triple bonds. Х is hydrogenated to a 
compound of molecular formula C,H,, with excess H, and a palladium catalyst. What can be said 
about X? 

1. X has four rings. 4. X has one ring and three double bonds. 
2. X has three rings and one double bond. 5. X has four double bonds. 
3. X has two rings and two double bonds. 


b. Syn addition to an alkene occurs exclusively with which reagents? 
1. OsO, 
2. KMnO,, H,O, OH 
3. mCPBA, then H,O, OH 
4. Both reagents (1) and (2) give syn addition exclusively. 
5. Reagents (1), (2), and (3) give syn addition exclusively. 


c. Which of the following reagents adds to an alkene exclusively in an anti fashion? 
1. Br, 4. Reagents (1) and (2) both add in an anti fashion. 
2. H,, Pd-C 5. Reagents (1), (2), and (3) all add in an anti fashion. 
3. BH, then Н,О,, OH 
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2. Label each statement as True (T) or False (F). 


PCC oxidizes 1? alcohols to aldehydes. 

CrO, oxidizes 2? alcohols to ketones. 

Treatment of hex-2-yne with Na in NH, forms cis-hex-2-ene. 

Reduction of propene oxide with LiAIH, forms propan-1-ol. 

Ozonolysis of 2-methyloct-2-ene forms one ketone and one aldehyde. 

mCPBA is an oxidizing agent that converts alkenes to trans diols. 

Oct-1-en-5-yne reacts with H, and Pd-C, but does not react with H, and Lindlar catalyst. 
Treatment of cyclohexene with OsO, affords an optically inactive product mixture that contains 
two enantiomers. 


ro mo во се 


3. Label each reagent as an oxidizing agent, reducing agent, or neither. 


a. O, 

b. LiAlH, 

c. mCPBA 

d. НО, H,SO, 
e РСС 

f. Ма, NH, 


4. Draw the organic products formed in each reaction and indicate stereochemistry when necessary. 


H 
b. СІ се ewe он [sock 
Бес Ы [2] НАНА 


5 a. Hill in the appropriate starting material (including any needed stereochemistry) in the following 


reaction. 
HO 
11050 4 
[ ] 4 " X a CgHs А Қ 
[2] H20, NaHSO3 н“/ \ епапїїотег 
CeHs OH 


b. Fill in the appropriate reagent in the following reaction. 


Ate 2 mr 


па, “ІН 
он он 
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с. What starting material is needed for the following reaction? 


Ute CHO 
[2] (СНа)25 


о 
Answers to Practice Test 
1.а.2 2.а. Т 3.a. oxidizing 4. 5. 
b.4 b.T 
c.1 c.F 
а.Е 
е.Т 
fF 
g. F 
h. F 


СҮ. b. Sharpless reagent 


(+)-DET 


СО 


с. 


а 


b. reducing 
c. oxidizing C ) 
d. neither бе Е 
е. oxidizing а а. 
f. reducing C ) 
Х > сно 
но 


Chapter 12: Answers to Problems 


12.1 Oxidation results in an increase in the number of C-Z bonds (usually C—O bonds) or a decrease in 
the number of C-H bonds. 
Reduction results in a decrease in the number of C-Z bonds (usually C—O bonds) or an increase in 
the number of C-H bonds. 
о 


О 
Р он oxidation 
ч reduction c. == = 77 (two new С-Н bonds, 
three new C-O bonds) 
О О 
СІ пейһег 
О ҚОЙ а —— (опе new С-Н bond апа 
b. 5 oxidation . опе пеу/ С-СІ Бопа) 


12.2 Hydrogenation is the addition of hydrogen. When alkenes аге hydrogenated, they are reduced by 
the addition of H, to the x bond. To draw the alkane product, add a Н to each C of the double 
bond. 
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OY У ОГ — С 
T т ттен 


12.3 Draw the alkenes that form each alkane when hydrogenated. 
2. and nes uu idi dd К Уы = 
or ог 
> - O~ н 
Pd-C 
H2 or 


12.4 Cis alkenes are less stable than trans alkenes, so they have larger heats of hydrogenation. 
Increasing alkyl substitution increases the stability of a C=C, thus decreasing the heat of 


hydrogenation. 
Ы EE tm T i did 4 or on 
cis alkane trans alkane trisubstituted disubstituted 
less stable 


less stable 


larger heat of hydrogenation larger heat of hydrogenation 


12.5 Hydrogenation products must be identical to use hydrogenation data to evaluate the relative 
stability of the starting materials. 


PW p Different products are formed. 


Hydrogenation data can't 
2-methylpent-2-ene be used to determine the 


relative stability of the starting 
di је — Бр dir dio 


materials. 
3-methylpent-T-ene 


12.6 


new stereogenic center Two enantiomers are formed in equal amounts: 


NM MEER 51290. 
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== 


.-С- 
CO 


BS 
Ж — 
new stereogenic center 


— 


4 
RÉP ( ж * я \ Ж 
^H “ 


diastereomers 


diastereomers 


Configuration here stays the same. 


РЕ 


Two diastereomers аге formed. 


12.7 
Molecular formula Molecular formula | Number | Number of 
Compound | : : 
before hydrogenation | after hydrogenation | of rings т bonds 

A C Hy CH, 3 2 

В CH, СН, 0 1 

С C.H, СІН, 1 2 
12.8 


cr d M d d 
H5, Pd-C 


о excess 


Pd cQ d a d 


| A has two double bonds. 


О lowest melting point 
27 

А | H2, Pd-C 
1 equiv 

v Au JR а аа 

О 
о ог 
о о 
C has one double bond. 
О | intermediate melting point 
С 


T do ec M Rc 
сиы т UM he 
P ALF 


B has no double bonds. 
highest melting point 


о 
Др е ee 
О 
< 
О 


с 
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12.9 Hydrogenation of HC=CCH,CH,CH, and CH,C=CCH,CH, yields the same compound. The heat 
of hydrogenation is larger for HC=CCH,CH,CH, than for CH,C=CCH,CH, because internal 
alkynes are more stable (lower in energy) than terminal alkynes. 


12.10 In the presence of the Lindlar catalyst, alkynes react with H, to form cis alkenes. Alkenes do not 
react with the Lindlar catalyst. 


cis-jasmone 
Lindlar ШЕ” (perfume component 


isolated from jasmine flowers) 


12.11 In the presence of Pd-C, H, adds to alkenes and alkynes to form alkanes. In the presence of the 
Lindlar catalyst, alkynes react with Н, to form cis alkenes. Alkenes do not react with the Lindlar 


> і»әБ----- Pd 
Pd-C Q Pd-C 


СеНо —— — — —- по reaction Сено == E => ae 


Lindlar Lindlar 
catalyst catalyst 


catalyst. 


12.12 Use the directions from Answer 12.11. 


вас © 


_Нә(ехсезз) _ (excess) 29 РРА 


SEN -. (1 equiv) —0 
b. 
ҚЫНА. catalyst a 
--О 
. Н2(ехсез) _ (excess) nK 
Lindlar catalyst = 
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12.13 


H2 


Lindlar 
catalyst 


Tm 
> | 
4% 


12.14 ІЛЛІН, reduces alkyl halides to alkanes and epoxides to alcohols. 


1] LiAIH d 
с| ЧАНА _ PW: ШЕЛІ 


[HO а њо _ 


Н геріасев СІ. 


12.15 To draw the product, add an О atom across the « bond of ће С=С. 


CY) -==- _ mCPBA _ 
С; 


12.16 For epoxidation reactions: 


e There are two possible products: O adds from above and below the double bond. 
e Substituents on ће C=C retain their original configuration in the products. 


О H 
mCPBA AN QE DH ; 
а ы v Nw + н enantiomers 
H H о 
тСРВА О 0, dece 
— < m ME rm 
H 4 H 9 
| identical | 
өз 
mCPBA 2, = 
с. «O * O  enantiomers 
H “H 


12.17 Treatment of an alkene with a peroxyacid followed by H,O, HO adds two hydroxy groups in an 
anti fashion. cis-But-2-ene and trans-but-2-ene yield different products of dihydroxylation. cis- 
But-2-ene gives a mixture of two enantiomers and trans-but-2-ene gives a meso compound. The 
reaction is stereospecific because two stereoisomeric starting materials give different products 
that are also stereoisomers of each other. 
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но CH3 


Қ CH3 OH 
CHs r.c се СНз [1 ЕСОзН \ ХАН Hac / 
Да = + c—c, 
H H [2]H20, но" сн“ \ / V^ CH; 
H он но H 
cis-but-2-ene enantiomers 
HO H CH3 OH 
СНз. e eH ПЕРО \ = СНз Hac. / 
„с=с, „C—C С=С. 
H CH,  [2]H)0,HO- сн“ N 2 ұн 
Н OH HO CH3 
trans -but-2-ene identical 


meso compound 


12.18 Treatment of an alkene with OsO, adds two hydroxy groups in a syn fashion. cis-But-2-ene and 
trans-but-2-ene yield different stereoisomers in this dihydroxylation, so the reaction is 


stereospecific. 
СНз’. 
С=с 
тый ~ 


cis -but-2-ene 


СНз. ШІ 
C=C 
н” ~ 


trans-but-2-ene 


му CH3 
H 


CH3 


oso \ PE Сн; СНз 
sO4 На“. ТАН 
„C—C, + = 
[2] МаН$Оз, H20 сна“ 4 \ CH3 / N 
H H В 5 О он 
identical 
meso compound 
HO OH CH3 H 
[f] OsO4 N / Hm. ps 
С—С. + с=< 
[2] Ман5Оҙ, HO — cu," 4 WH / N 
CH3 HO OH 


enantiomers 


12.19 To draw the oxidative cleavage products: 
e Locate all the т bonds in the molecule. 
e Replace all C=C’s with two C=O’s. 


Replace this л bond with two C=O's. 


А 


а. ү 


Опе Кеїопе апа 
one aldehyde 
are formed. 


О 
E ES ВБР, 
+ 
[2] Zn, H2O H 
ketone aldehyde 


[1] Оз 


[2] Zn, Н-О 


H 
+ О 
о ТА Two aldehydes аге formed. 
H 


A dicarbonyl compound is formed. 


12.20 To find the alkene that yields the oxidative cleavage products: 
e Find the two carbonyl groups in the products. 


e Join the two carbonyl carbons together with a double bond. This is the double bond that was 
broken during ozonolysis. 
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О 


" K РА == H с X ә, == Neal 


Join these two C's. With only one product, | 
the alkene must be symmetrical 
around the double bond. Join 


О this C to the same C in another 
О 2 identical molecule. 
b. N + A —> 
| H 


Join these two C's. 


[1] Оз 


[2] CH3SCH3 


cembrene A achiral achiral achiral 


12.22 To draw the products of oxidative cleavage of alkynes: 

e Locate the triple bond. 
For internal alkynes, convert the sp hybridized C to COOH. 
e For terminal alkynes, the sp hybridized C-H becomes CO,. 


internal alkyne 


terminal alkyne 
internal alkyne 
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12.24 For the oxidation of alcohols, remember: 
e 17 Alcohols are oxidized to aldehydes with РСС. 


e 1° Alcohols are oxidized to carboxylic acids with oxidizing agents like CrO, ог Na,Cr,O 
e 2° Alcohols are oxidized to ketones with all Cr“ reagents. 


о 
"ue өс ЛОН pes H OH 9108 он 
3 dod d С осо 

о 
ы” 


OH 


"es 


H3SO4, НО 


12.25 Upon treatment with HCrO, —Amberlyst A-26 resin: 
e 1° Alcohols are oxidized to aldehydes. 
e 2° Alcohols are oxidized to ketones. 


H 
OH 4 О _ 
3 (> HCrO; _ Co " yos HCrO; E о 
Amberlyst A-26 resin 


H OH Amberlyst A-26 resin О 


HCrO4- И \_ 
b. HO OH -0 о 


Amberlyst A-26 resin 


12.26 To draw the products of a Sharpless epoxidation: 
e With the C=C horizontal, draw the allylic alcohol with the OH on the top right of the alkene. 


e Add the new oxygen above the plane if (—)-DET is used and below the plane if (+)-DET is 
used. 
OH (CH3)3C— OOH Die ОН 
i = TI[OCH(CH3)2]4 УА н 
(+)-DET 
(+-РЕТ adds О 


below the plane. 
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он 
b Cr ші re-draw (СНҙзС- ООН 
| TI[OCH(CH3)2]4 


(—)-ОЕТ 


(-)-DET adds О 
above the plane. 


12.27 Sharpless epoxidation needs an allylic alcohol as the starting material. Alkenes with no allylic 
OH group will not undergo reaction with the Sharpless reagent. 


This alkene is part of an allylic alcohol 
and will be epoxidized. 


geraniol — 


This alkene is not part of an 
allylic alcohol and will not be epoxidized. 


12.28 
OH H2 OH 
т те 
Pd-C 
A 
OH E - 
4 тСРВА LA * Ы 
| \ 
OH OH 
A 
ӨН РСС 
" ол REN CHO 
A 
OH CrO3 
" [У [A coo 
қ H2504 
auQ 
oOo" Sharpless reagent OA 
e. 2 
(+)-ОЕТ OH 
A 
12.29 
[1] ман __ [f] NH OH Na Z 
i ER, uim É = OF NH 
[2] CH3CH2Br О е Pus 
[2] LA 
[3] H20 
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12.30 Use the rules from Answer 12.1. 


О 

OH РО oxidation 

& [s . г. reduction c Bub. == у dou US 
Br 
OCHs OCHs 


/ \ осн neither 
b. HO OH = О О oxidation | d. g^ === (one fewer С-О bond and 
== one fewer С-Н bond) 


12.31 Use the principles from Answer 12.2 and draw the products of syn addition of H, from above and 


below the C=C. 
H2 ~“ 
Pd-C t 


Pd-C ну ШУ, 
Н 


diastereomers 


н; VH Че 
Pd-C OH + Н 


епапїїотег< 


«Жее 
ү: 


12.32 Increasing alkyl substitution increases alkene stability, thus decreasing the heat of 


hydrogenation. 
or 
ы 
2-methylbut-2-ene 2-methylbut-1-ene 3-methylbut-1-ene 
trisubstituted disubstituted monosubstituted 
smallest AH? = —112 kJ/mol intermediate AH? - —119 kJ/mol largest AH? = —127 kJ/mol 


12.33 


A possible structure: 


a. Compound A: molecular formula С5На: hydrogenated to С5На. 
2 degrees of unsaturation, 1 is hydrogenated. 
1ring and 1 л bond an 


b. Compound B: molecular formula СлоН 6: hydrogenated to C45 Hg. CX 


3 degrees of unsaturation, 1 is hydrogenated. 
2 rings and 1 x bond © 


c. Compound C: molecular formula CgHg: hydrogenated to CgH46. 
5 degrees of unsaturation, 4 are hydrogenated. 
1ring and 4 x bonds > 
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12.34 


OH 


stearidonic acid 


b. Н, (1 equiv) 


Pd-C 


stearidonic acid 
4 cis С-С5 


12.35 
О-а-О . 
Ра- ^ Рас ^ 
b; (7 no reaction 
Lindlar catalyst 
Е Q no reaction 
j. 
4 (7 _ сњсозн_ ex 
О 
ШЫ д он а ОН 
е. р : 
[2] H20, НО” © 
“он 
anti addition 
қ Q 110504 + ММО ОҢ 
[2] МаНѕ0з, ЊО ^ syn addition 
OH 
т Tm 
H20, HO- syn addition 
OH 


Н» (excess) 


Pd-C 
О 
он 
ы 
О 
OH 
27 


product in (b) 
3 cis C-C's 


о 
он 
stearic acid 
О 
2 он 
+ + 
EN EN 
О 
A 27 он 
4 
Su. 
О О 
он Ж 2 он 
Ы EN 
product in (c) 
2 cis and one trans С-С5 
[1] ЦАНА 
no reaction 
[2] H20 
о о 
о 
[2] CH3SCH3 H H 
б (сназсоон | 
no reaction 
Ti[OCH(CH3)2] 
(-)-DET 
mCPBA C^ 
О 
1] LiAIH 
dc " 
о [2]H;O 
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12.36 

а dh (CH3)3COOH О 

он 2 " ? 

a. ж он е. ы Ti[OCH(CH3)2]4 Е A 

Pd-C (+)-DET OH 

+ 
ат ye ӘН 
(CH3)3COOH 
РСА OH 
TI[OCH(CH3)24 MN NOH 


f ЖаН 
(-)-РЕТ О 
Nha VUH 
—— OH 
[1] PBr3 Br 
| ©; да ви де а 


H H 
" анд РСС ibt 
О 
CrO3 42 OH 4, Ж OH HCrO4- Ж H 
ин Amberlyst A-26 
О о 


EEEE 


disubstituted monosubstituted tetrasubstituted trisubstituted 


a. The stability of an alkene increases with increasing alkyl substitution. The more stable the alkene, 


the smaller the heat of hydrogenation. 


Heat of hydrogenation: C < D < A < B 
most stable least stable 
smallest heat of largest heat of 
hydrogenation 


hydrogenation 


b. The rate of hydrogenation increases with decreasing alkyl substitution 


C < D < A < B 


Rate of hydrogenation: 
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А 
+ сњ=о 
шы [2] Zn, H20 H 
B 
O 

[1] Оз T 

[2] Zn, ЊО 
с О 


он _ 150 < [2]LiAIH, 
pyridine [3] H20 
k (- [1] OsO4 он 
[2] NaHSO3, НО BH 
(У [f] mCPBA 5 [2] ШАН, OH 
[3] HzO 


Hb Ре C 7% .-- -” =S ЧЕ m 
Цпајаг 
catalyst 
12.39 
2° OH 
m OH 9 О 
E z With МАО" the 2° alcohol is oxidized to a 
АИ sac D % NAD' г: Ё o Дон + NADH ketone, and МАО" is reduced to NADH. 
О о 


(R)-glycerol phosphate 


12.40 LiAIH, attacks at the less substituted end of an unsymmetrical epoxide to form ап alcohol with 
an OH on the more substituted carbon. 


— вА 


2-methylpentan-2-ol Hydride attacks here. 
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12.41 The two sides of ће C=C of A are different. D, adds only from above, so this side must be less 
sterically hindered. Other reagents will also add from the same side. 


dy om. mCPBA Аз 
а. 


H `H Вг ОН 
А 


| Базе 
Because the OH of the bromohyadrin is 
down, the resulting epoxide must also 


be down. | 
о 


12.42 Alkenes treated with [1] OsO, followed by NaHSO, in H,O will undergo syn addition, whereas 
alkenes treated with [2] СН,СО,Н followed by OH in H,O will undergo anti addition. 


HO OH 


= [1] О504 
-- [2] NaHSO3, H20 
НО 
2] = [1] CH3CO3H \ rotate _ 


[2] OH, H20 == он 


anti addition 


OH 
[1] OsO. Ok 
b. И ш. 4 .rotate _ 
© [2] NaHSO3, H20 
syn addition Є 


+ enantiomer 
B [1] СНАСОЗН 222 
3 3 
[2] 
G [2] "OH, H20 


* enantiomer 
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OH 
m д Ben CH3CH2CH> H 
c m и o “rotate _ 
[2] NaHSO3, НО 
H CH2CH2CH3 
syn addition 
OH OH 
CH3CH2CH> H 
[2] BOS алуа ЕО 
[2] OH, H20 H CH2CH2CH3 
OH 
12.43 
О 
Келесі СН35О2СІ он || 
oH ——— ^ Ш ,0-5-СН 
Poe Dre T B 
A 
b. р> .0-S-CH, --- сыз Q/,0-S-CH; --- CHS. 2 = "SCH 
LN аи | Cd esr uel зн Зе 
‚—? О О 
CHsS- E 
c. To form chiral A, Sharpless reagent with (--)-DET could be used. 
12.44 
СІ 2; 
С сбн Y 
20: | :OH 
ө i се [2] 
o: виа в Br Br 
Sy Ы 5 
mCPBA OH 7% : OH 525. 
a К: 2) 
+ Же 
22“ “в; 5 Ма" H: | [3] 
:Он 
+ A 
OH Nat + Ha + A Br 
:0: :0: 
HO 


12.45 Use the directions from Answers 12.19 and 12.22. 


О 
Н 


[2] CH3SCH3 


OR “(о 
: == о + о 
[2] Zn, ЊО 
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: ; по 
с. 3 >- ЭМ + СО; 
[2] H20 


identical 


12.46 


Join these two C's. 


a. O and О = с. ҚТА " ==; === 
> -- p 


Join these two C's. 


d © 

O О 

эда ашшы = 
| | and 2 equivalents of CH5— О ===> : OH ===> == 


Join both of these C's formaldehyde C 
to a C from formaldehyde. 


12.47 Use the directions from Answer 12.20. 


Join these two C's. 


Сон Mo; di | н — 

а. 

10 | [2] CH3SCH3 en 
о | 


2 degrees of unsaturation 


о 
b. Соб ЕЕ = ee 
| [2] CH3SCH3 
[9] 


3 degrees of unsaturation 


one ring + one л bond 


two rings * one x bond 


12.48 


squalene 


2 equiv 4 equiv 1 equiv 
(from portion A) (from portion B) (from portion C) 
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COOH H 
У [1] Os 
р linolenic acid e * 
[2] Zn, H20 CHO о © 
[1] O3 У 
[2] Zn, НО H 
H [9] 
H zingiberene 
H бо 
ы у У үү соон 
H О 
2 equiv 
12.49 
no || 
3 
а. А eee H 
[2] CH3SCH3 H 
СаН12 О 
b. pu Н; (excess) PS pu И] NaNHz pu И 
Pd-C 2] CH3I 
СеНо B [2] CH3 СН? С 
12.50 
H5 por The hydrogenation reaction tells you that both 
СоНив = охітепе апа myrcene have 3 л bonds (апа по rings). 
Pd-C Use this carbon backbone and add in the 
2,6-dimethyloctane double bonds based on the oxidative cleavage products. 


3 degrees of unsaturation 


О 
Е РМР 
Охітепе: (СН»С-О СНҙ-О СНХСНО); жасы © => EN PA 


CH CH 
О О КОЕ 
Мугсепе: (снусео сњ=о u ees Ж, — < 2 
(2 equiv) О 


12.51 Hydrogenation of DHA forms СН,(СН.), СООН, so DHA is а 22-carbon fatty acid. The 
ozonolysis products show where the double bonds are located. 


CO5H 
DHA 
A B B B B B с 
11 Оз 
[2] Zn, H20 
О О О О 
+ ДА + 
H 
A H H H q^ Зон 
(from portion A) 5 equiv О 
(from portion В) (from portion C) 
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12.52 Тһе stereogenic center (labeled with *) in both structures can be К ог S. 


or 


АТ». EM ж ozonolysis 


Ш КД 
H H 


possible structures 


butylcyclopheptane 


for 


dictyopterene D' 


12.53 
Br 
PW wu зева c ЕР СЕ 
(ог Z isomer) 
с 
да | ozonolysis 
[9] 
H 
ы x Ws 
О 
+ CH5-O 
12.54 
OH 
Ші н О --ОН 
re-draw (CH3)3COOH : o 
Т(ОС(СН3)214 
(-)-ОЕТ 
жа” __(Спазсоон _ 
Ti[OC(CH3)2]4 
(+)-DET 
12.55 
5 “-ОН 

| re-draw 

| , О 2 А 

Y OH (CH3)3COOH e У а SN enantiomeric excess = 

БЕВ — A \ OH + OH % one enantiomer — 96 second enantiomer 
Ti[OC(CH3)2]4 H о Н 
(-)-DET ee- 87% — 13% = 74% 


major product 
87% 


minor product 
13% 
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12.56 
sos OH 
5 у re-draw. => zd 
E О V (+)-DET 
5 2 STOH gi 
b. re-draw - ~ need = 
sels 7 ко i VET (+)-DET 
4— OH gn 
Ч _ ===) TIL 
Ü (+)-DET 
12.57 


Фа. Sharpless reagent 
—-DET 


12.58 


| Е 
Lindlar catalyst 


12.59 


12.60 


12.61 
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Br 


ЛОШ Bn -NH2 __ Ма EN 
(2 equiv) NH3 
cis Br trans 
NaH СНзС! МаН . СНза Ма 
а. НСЕСН > СЕСН - == > == эс. еше с —À 
МНз 
Ман Е ack TEN 
b. HC=CH C=CH >» = Ман > == - == 
H2 
(2 equiv) 
Pd-C 
т Ман не СНзС! == Ман LIE СНзС! Е 
H2 
Lindlar catalyst 
9 СРВА 
m 
H H 
Na, NH3 KMnO, HO OH 
d == - - > È (+ enantiomer) 
Ww "n 
(from a.) H20, HO H / Y 


= Br 
HO CHO о сно SERES 
ІҮ (ей Br Br о 


NaH 


снзОн 
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12.62 
Е о" он o 
a. Q mCPBA e Bose H20 O 
| лан S У 9 
НСЕСН 


a „ман __- CH&C ы. Ма / mCPBA 
b. = — = D — = 
NH3 


(+ enantiomer) 


Br 
» NaH ЕГЕС ~ > ман ны 
с. HC=CH - нс=с > === Ro See р, Е" 
| о 
H2 HO H20 -0 AA 
о Lindlar catalyst == 
7 m OH BEL Же Мо СА) КА РСС Paw a HO 
=- е. OH 
NH3 
(from c.) 
12.63 
Bro О 
j mi ETE Q — ЕА ЕЧ РАА 
н H 
[2] CH3SCH3 Pd-C 9 
О 
О О 
H2504 M Oa PN О H2 лала се 
К [ен с (2 H H HO OH 
[2] CH3SCH3 Ра-с 
РВгз 
НАНА 
Ser Be М “вш 
12.64 
Ман в ман "EE ЧЕ mE 
НСЕСН ~ “CECH - = - — UM xm 
| Na, NH3 


H 
сі P ED = 
VCI anti 
H addition 


(3R,4S)-3,4-dichlorohexane 
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12.66 


12.67 


12.68 


РВгз K* "OC(CH3)s Вг Вг 2 NaNH2 
“он ов > СН;--СН; - “нар ---  HCECH 
ман ов ман __ d 
HC c CH = “СЕСН _ == = == - JE RM \ 
| Na, NH3 
УМИРИТ 
= Ha mCPBA О 
/ \ Lindlar catalyst = ну үн 
(from a.) 
OH 
c m [1] Os04 rotate т 
— [2] NaHSO;, НО T № Ed du 
(from b.) 
OH 
РВгз 
Тон в 
[] ман [1] NaH ES 2 он 
Н ——H - ==— H > = 
[2] ~~p / [2] О Lindlar catalyst [f] NaH 
[3] H20 [2] B 
27 ons 
A 
B: Molecular formula СНО 1 degree of unsaturation о OH 
IR absorption at 1718 ст”! C-O 
NMR дата: doublet at 1.10 (6 H) —— 2 CHs's adjacent to Н 
singlet at 2.14 (3 H) — —- CH; 
septet at 2.58(1H) ppm | — CH adjacent to 2 СНа'5 
CsH490 C5H420 
B A 
D: Molecular formula CgH490 о OH 
5 degrees of unsaturation 
IR absorption at 1720 ст“! — С=О B 
IR absorption at -2700 ст“! — CH of RCHO H 
NMR data (ppm): Сон о соно 


2 triplets at 2.85 апа 2.95 (suggests -CH2CH2-) 
multiplet at 7.2 (benzene H's) D с 
signal at 9.8 (СНО) 
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12.69 


Qm 


ii 


12.70 


12.71 


: 


H—OCH3CHs 


/ V 
Кое — f jos 


+ Li 
10CH3CHs + ЮЕ 
И] О504 HO 
CgH4Br О 
[2] ман 
он :05 
НО НО 
me 
OsO4 NaH 
Br Br Br 
л 
СеНаВг 


The favored conformation 
for both molecules places 
the tert-butyl group equatorial. 


OH H 
Seer н Jom 
A B 
A This OH is axial and 
will react faster because 
the OH group is more 
hindered. 


This OH is equatorial 
and will react more slowly 
because the OH group 
is less hindered. 


осњ + :OCH;CHs 


OCH; + Li 


12.72 The two OH’s are added to opposite faces of the C=C, so anti addition occurs. 


CH3 [OH 
H202 \S АН 
E "Ue 
HCO2H R\ 
HO CH3 
trans-but-2-ene 
meso 
H OH HO H 
H202 [но z ЗАН НА = 
—— = С—С di + ~ С С 
HCO>H /R RN /S SN 
3 3 H3 С 


cis-but-2-ene 
two enantiomers 


12.73 
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a wn ү 
:Он и Сон, . 
а py Cie a H20 
+ HSO4- | 
22 ey 22 
T 
27 S 5 
он :0 » 
нон H20: 
+ H2504 TES 
9 HSO,7 
oo 2; 
H20: p 
H 
22 9 Ж " T 
Cr 


Sharpless 
О 
о = H B 


epoxidation 
E О 


е 
I та OH (+)-DET 
х 
Y Na* 
inversion here SE | 
О 

ЊЕ З 
О: 

о) 


r^ 
о 
backside 
attack 
Sharpless epoxidation determines the 


stereochemistry of this C-O bond. 
У О :Он 
Сене 


12.74 
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Chapter 13 Radical Reactions 
Chapter Review 


General features of radicals 

e A radical is a reactive intermediate with an unpaired electron (13.1). 

e А carbon radical is өр” hybridized and trigonal planar (13.1). 

e The stability of a radical increases as the number of C's bonded to the radical carbon increases 
(13.1). 


least stable most stable 
Lo d | | 
н А н вн R A R R A R 
1° 2° 39 


Increasing alkyl substitution 
Increasing radical stability 


e Allylic radicals are stabilized by resonance, making them more stable than 3? radicals (13.10). 


two resonance structures for the allyl radical 


Radical reactions 
[1] Halogenation of alkanes (13.4) 


Же X2 mM e The reaction follows а radical chain mechanism. 
һу огА ө The weaker the C-H bond, the more readily the H 
X-Clor Br alkyl halide 


is replaced by X. 

e Chlorination is faster and less selective than 
bromination (13.6). 

e Radical substitution results in racemization at a 
stereogenic center (13.8). 


[2] Allylic halogenation (13.10) 


NBS 
B 
ЖҒ-- ж-е r 
hv or ROOR : ; 
allylic halide 


Тһе reaction follows a radical chain mechanism. 


[3] Radical addition of HBr to an alkene (13.13) 


oN HBr pP e A radical addition mechanism is followed. 
һу, А, ог ied Mn e Вг bonds to the less substituted carbon atom to 
ROOR 


form the more substituted, more stable radical. 
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[4] Radical polymerization of alkenes (13.14) 


ROOR 


ЖАУ; : ni beste 
e A radical addition mechanism is followed. 


polymer 


Practice Test on Chapter Review 


1.a. Which alkyl halide(s) can be made in good yield by radical halogenation of an alkane? 


4. Both (1) and (2) can be made in good yield. 
5. Compounds (1), (2), and (3) can all be made in good yield. 


b. In which of the following reactions will rearrangement not occur? 
1. halogenation of an alkane with СІ, and heat 
2. addition of CI, to an alkene 
3. addition of HCI to an alkene 
4. Rearrangements do not occur in reactions (1) and (2). 
5. Rearrangements do not occur in reactions (1), (2), and (3). 


c. Which labeled H is most easily abstracted in a radical halogenation reaction? 


m 


c 


6 


a 


л ы. WN н 
ав ав ао m xr 


о 


d. Which of the labeled С-Н bonds in the following compound has the smallest bond dissociation 


energy? 
TRA 1. C-H, 
Us 2. C-H, 
3. C-H, 
Ha 4. C-H, 
b 5. С-Н, 
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2. (a) Which radical is the most stable? (b) Which radical 15 the least stable? 
A B с р 


3. Draw all of the organic products formed in each reaction. Indicate stereochemistry in part (с). 


(om HBr Br; 
a. ----- с. : 
ROOR hv 


CI CI CI 


5. In each box, fill in the appropriate reagents needed to carry out the given reaction. This question 
involves reactions from Chapter 13, as well as previous chapters. 


EJ a, 


ы Br 
ы — (А 


H 


Answers to Practice Test 


l.a. 2 3.a. 2:0. 4. 
b.4 CX Br с! 
(РАВНИ “мы ) 
C.2 Br " 
d. 3 
3.b. 
2.a. А din di * g^ ™ 
b.B Br (* cis isomer) 
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5. 
Br; И ВНЗ 
КОС(СНа)з 
hv or A [2] H202, ОН 
Br | 
OH 
PCC or 
mCPBA Се 
Ма-СІ-О 
[1] "СМ А 
[2] H20 
OH о 
CN о 


Answers to Problems 


13.1 


13.2 


13.3 


13.4 


1? Radicals are on C's bonded to one other C; 2? radicals are on C's bonded to two other C's; 3? 
radicals are on C's bonded to three other C's. 


2" radical 3? radical 2? radical 1% radical 


The stability of a radical increases as the number of alkyl groups bonded to the radical carbon 
increases. Draw the most stable radical. 


Reaction of a radical with: 

e an alkane abstracts a hydrogen atom and creates a new carbon radical. 

e an alkene generates a new bond to one carbon and a new carbon radical. 
e another radical forms a bond. 


:Cl- | .. 4. Сі. TEES. 
a. = Н-СІ: с. С-и :CI—CI: 


:Cl- . E 
b. СН;--СН; = > СН = CH2 


:iCI— O- O* 


Monochlorination is a radical substitution reaction in which a СІ replaces a H, thus generating 
an alkyl halide. 


Cl; 


CI 


Бы РГ 
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13.5 
A = X а 
A 
ch СІ 
Б ТЫ А Жазды Е А к, DESI о 
СІ 
13.6 
5 s. hv d 5% 
Initiation: Bra Br — :Вг + -Bri 
orA 
Propagation: Gn А — CH; + НВг: 
СНз + Вг Vi - СНз Вг + ·Вг 
Termination: :Вг. + -BrE :Br— Br: 


СНз + сњ СНз— СНз 
A CUN UE S or 
СНз + “Вг СНз = Br 


13.7  Therate-determining step for halogenation reactions is formation of CH,’ + НХ. 


CH H. +E а. ЗОНЕ ШЕ AH? = +138 kJ/mol 
1 bond broken 1 bond formed This reaction is more endothermic and 
+435 kJ/mol -297 kJ/mol has a higher E, than a similar reaction 


with Clo or Bro. 


13.8 Тһе weakest С-Н bond in each alkane is the most readily cleaved during radical halogenation. 


a. e d b. 1 é К 


H H 
3? 3 2? 
most reactive most reactive most reactive 


13.9 To draw the product of bromination: 


ө Draw out the starting material and find the most reactive C-H bond (on the most 
substituted C). 


e The major product is formed by cleavage of the weakest С-Н bond. 
Байыт; [кезер 
а. E S . — > 
A Br A Br 
Br 
Bro Bro >< 


о 


о 
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13.10 If 1? C-H and 3? С-Н bonds were equally reactive there would be nine times as much 
(СН,)),СНСН,СІ as (СН,),ССІ because the ratio of 1° to 3° H’s 15 9:1. The fact that the ratio is 
only 63:37 shows that the 1? С-Н bond is less reactive than the 3° С-Н bond. (СН),СНСН,С1 
is still the major product, though, because there are nine 19 C-H bonds and only one 3? C-H 
bond. 


13.11 
ET Bro р H20 
5. А Вг ©: Н;504 он 
(from b.) 
s (CH3)3CO7K* gk 
b. m — 
Br 
(from a.) 
13.12 


Br; Вг k*-OC(CHa)s Br; Br 
a. о р" So + enantiomer 
һу +, 
‘Br 
mCPBA 
E prr. о 


(from a.) 


13.13 The reaction does not occur at the stereogenic center, so leave it as is. 
Са 


re =. aÑ | А 


(R)-2-bromobutane 


13.14 
CI CI 
Cla СІ Ри - 
4 Ига ЧУЧУ; + + О „ч 
А did 
а CI с! CI СІ, 
Е | Е - [5 / " |“ D 5: ds Ma зе ү + [> eut 


Ed 
TE 
a 
ы” 
E 
=e 
= 


(Consider attack at 
C2 and C3 only.) 
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13.15 


F F 
а ERE 2 
| F F 
13.16 Draw the resonance structure by moving the « bond and the unpaired electron. The hybrid is 


drawn with dashed lines for bonds that are in one resonance structure but not another. The 
symbol 6' 18 used on any atom that has an unpaired electron in any resonance structure. 


‚эйс. v ORO — Oo” 
6. у hybrid: CS 
$: 
A A = 
(QR— С «Q9 — Om 
БЫ 
hybrid: ON 
hybrid: "dr 
5. 


13.17 Reaction of an alkene with NBS or Вт, + hv yields allylic substitution products. 
Br 


[5 NBS ^ Br; Br 
hv S: === 
Вг 
NBS 


b Æx ——— oss ABI 
hv 


+ Z isomer) 


Oe Ox о 


13.19 
МВ5 
АЕ + Вг + + 
ћу 
Вг 


(+ 2 isomer) 
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13.20 Тһе weakest С-Н bond is most readily cleaved. То draw the hydroperoxide products, add ООН 
to each carbon that bears a radical in one of the resonance structures. 


This allylic С-Н bond is most readily cleaved. 


OH 2 он 
us. NA 


hydroperoxide products: 


HOW 4 Б 


ы 
OH (E/Z isomers are possible.) 
13.21 
OH 
О OH OH 
О О 
зы о Е зы 8 
HO rosmarinic acid ES 
он | он 
о о о 
© [e О 
OH OH OH 
О О О О 
сй е di : <> 
О О О О 
OH OH OH OH 
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13.22 


Br 
a. РАСЕ ules PW шн с. ра „7 HBr P 


or 
HBr HBr, ROOR 


Br > 
ROOR d d 


b. СТ HBr eC 
M Br 
HBr 
ROOR 
Br 


13.23 In addition of HBr under radical conditions: 
e Br adds first to form the more stable radical. 
e Then Н' is added to the carbon radical. 


2 radical possibilities: n . or P Br ——- py Br 
Br 


3% radical 
more stable 
This radical forms. 


С NA 


1% radical 
less stable 


13.24 
Br 
a. EGGS с. EX 
ROOR 
Br Br 
Br 
b. ыы 
13.25 


polystyrene 


B 
a. == 8 b. Hs = | 
оо m d 


poly(vinyl acetate) 
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13.26 


Initiation: 


Propagation: 


Termination: 


CI 
ылды i о У МУ 8 
код ок 2 = — —* R-O: H 
H carbon radical 
а СІ 
СІ 3 
pU TIU e ари 
R-O: a З 
в 0: H > 
x H H 
new C-C bond 


Repeat Step [3] over and over. 


СІ 
СІ СІ 
(41 
maal М “уло --- Mw [one possibility] 
H H 
CI 


13.27 With CL, each H of the starting material can be replaced by Cl. With Br,, cleavage of the 
weakest С-Н bond is preferred. 


CI 
а... êi CI 
h + + + 
У 
СІ 


ПЕ: - - 


13.28 


ВНА 


5. Bro 
A 
Br 
СІ 


СІ; 


һу 


СІ СІ CI— 


Br 


Abstraction of the phenol H 
produces a resonance-stabilized radical. 


| "2 us Pa | | poem 
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13.29 
H 
a. increasing bond strength: 2 <1<3<4 T 2 
1 
ан 
H3 
b. and c. T A jon A 
alkenyl f? radical 2" radical 2^, allylic 
least stable most stable 


increasing stability 


d. increasing ease of H abstraction: 4 « 3«1«2 


13.30 Use the directions from Answer 13.2 to rank the radicals. 


alkenyl radical 1 radical 2? radical 3? radical allylic radical 
D E B A с 
least stable most stable 


increasing stability 


13.31 
На 3 ы 
На = bonded to an sp? 3° carbon - - 
Ж T Нь = bonded to an allylic carbon Increasing ease of abstraction: 
с He = bonded to an sp? f? carbon He < На < Ha < Hp 
Hp На На = bonded to an sp? 2° carbon 

13.32 

CI 
a p К ---- ae m + ES + 

СІ 
СІ 
а Tow ч 
С! 
С! С! 

BA ТЫ Му Т +” Pw Чы ЊЕ сы Miete 

С! 
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13.33 To draw the product of bromination: 

ө Draw out the starting material and find the most reactive C-H bond (on the most 
substituted C). 
The major product is formed by cleavage of the weakest C-H bond. 


dd amc о 
" Ow 


13.34 Draw all of the alkane isomers of C,H,, and their products from chlorination. Then determine 


which letter corresponds to which alkane. 


Cl 
_ ер "s < AA por ыу; 
Leve 26 CI + + : + + а 
СІ 


һу 


СІ 


СІ 


13.35 Halogenation replaces а C-H bond with а С-Х bond. To find the alkane needed to make each of 
the alkyl halides, replace the X with a H. 


Жа Т. сту о 


0) 
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13.36 For an alkane to yield one major product on monohalogenation with CL, all of the hydrogens 
must be identical in the starting material. For an alkane to yield one major product on 
bromination, it must have a more substituted carbon in the starting material. 


| 


This compound сап Бе formed 
in high yield from an alkane. 


three different Br on 2? carbon 
С-Н bonds The product with Br on 3? carbon 
will form predominantly. 


| і 


These two compounds cannot be 
formed in high yield from an alkane. 


13.37 А single constitutional isomer is formed in both halogenations in (b) and (c). Bromination often 
forms а single product by cleavage of the weakest С-Н bond. For chlorination to form a single 
product, the starting material must have only one kind of H that reacts. In (b), a single 
chlorination product is formed because there is only one type of sp’ hybridized С-Н bond. 


©» -t Spe СІ СІ; cl 
b KEIO 
қай» Wo 
13.38 In bromination, the predominant (or exclusive) product is formed by cleavage of the weaker С-Н 
bond to form the more stable radical intermediate. 


= Вг 
| А weaker bond А \ / T 
? = 356 kJ/mol 


Br 


e Y = 
е 


------- 
— > 


stronger bond e D 


АН? = 460 kJ/mol As usual, more product is formed by NOT formed 
homolysis of the weaker bond. 


13.39 Chlorination is not selective, so a mixture of products results. Bromination is selective, and the 
major product is formed by cleavage of the weakest С-Н bond. 


Со до coco осо cp 
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б Br; K'"OC(CH3)s 
А 
Вг 
Ү 


Вг 
Y 


2 


13.40 Draw the resonance structures by moving the « bonds and the radical 


NBS 
b. pics —————— "m m Br ees 
һу В 


Br (* Zisomer) Br 


A 


13.42 


FB 
28.200. 


ње 


2 
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13.43 

Removal of this Н > H Br 

atom generates a NBS 

radical that is > 
highly resonance һу 
stabilized. 
single product 
а 0 

13.44 


А Вг 
b. + Вг; ---- (major product) 
Br P Br, Br 
.HBr, a ———- 
©: Вг 


(+ Zisomer) 


13.45 


Вг 
[5 HBr 1 Bro DO NBS 
a. e я С. № 
hv 


| 
М 


Вг 
+ 
enantiomer 
13.46 
Br KOC(CH3)s ozonolysis 
--- o ————————— — > O + О 
ћу Вг 
Вг 
сусјоћехапопе acetone 
A B с D 
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13.47 
СІ; a S ~ 
а. ЕТТЕН 2 с, + + + 
“сі а а "a 
+ + 
с. d жын 
н 
а. 
13.48 a. 
b. Constitutional isomers and diastereomers have different physical properties, so three fractions 
are obtained: 
A B с + D 
achiral meso | | 
enantiomers 
c. No fractions are optically active. One fraction contains achiral A, one contains an achiral 
meso compound В, and one contains an equal amount of С and D. 
13.49 
СІ а СІ СІ Gr. 361 Сі; c СІ 
2 = 
ЗИД БИК = о sei eee Еу Ри "ueri. Sus 
hv 
A B с D E CI 


(R)-2-chloropentane 


CI 
СІ CI 
D | БЕЧ r PP 
F СІ 


б 
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b. There would be seven fractions, because each molecule drawn has different physical 


properties. 
c. Fractions A, B, D, E, and G would show optical activity. 


pair of enantiomers pair of enantiomers 


2) identical 


b. Each compound forms a mixture of stereoisomers. The cis isomer forms two pairs of enantiomers— 


A + C and B + D. The trans isomer forms only two products, diastereomers C and D that are 
identical to two of the products formed from the cis isomer. 


13.51 a. 
CI 
А. y 
aN a СІ 
cis к 
Пе “ас! 
+ + + а 
С N D E ^el F p 
CI S СІ, 
* * * 
eN H а“ | с“ Ј 
СІ 
" 
ES Ke No ұза 
trans identical 
identical 
Пеј = С! 
+ + 
ШЕ = С! = 
Е “, Е ^ F^ E а 
i identical ПИ 
identical 
а cl, в > 
+ | + + 
р м ~ аб м % с“ E 
— identical 2206 
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b. Each reaction forms three constitutional isomers: 


CI 


CI 


n 


CI 


c. From the cis isomer, pairs of enantiomers: А + B,C +E,D+F,G+LH+J 
From the trans isomer, pairs of enantiomers: none 


13.52 


NBS 


13.53 


CH3 
| 

а. Pat ens * Bro 
H 


С-Н bond broken Br—Br bond broken 
+381 kJ/mol +192 kJ/mol 


total bonds broken = +573 kJ/mol 


b. Initiation: 


Propagation: 


(Hasc! У све 


(- 


Termination: 
(one possibility) 


ва бе ——> 


Вг 


Вг Вг 


Вг 


CH3 
CH3— с - CH3 + HBr 
Br 
C-Br bond formed H-Br bond formed 
-272 kJ/mol —368 kJ/mol 


total bonds formed = -640 kJ/mol АН? = —67 kJ/mol 


“Вг: 
(СНузС“ + H—Br: с. AH? = (bonds broken) – (bonds formed) 
Е = (+381 kJ/mol) + (-368 kJ/mol) 
= +13 kJ/mol 
E АН” = (bonds broken) – (bonds formed) 
(CH3)3C— Br + ·Вг: = (+192 kJ/mol) + (-272 kJ/mol) 
2 = -80 kJ/mol 
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Transition state 2: 
сна l 
E І 
CH3*-C—CHs 


Bn NN RO NS 


‘Bro Br: :Br—— Вг: (from NBS) 


+ н Вг: 


р 4 Ба ышы ET Я Вг: 


а,е 
Transition state 1 
+13 Transition state 2 
kJ/mol 
Transition state 1: 
ПИ QUERN 7.4 CON he сна t 
| 
a| (CHssC— сн-С сн; 
Ф 1 
5| + H---Ër: 
б. 
-——————— i Qo" не ии ки BOSE oo. = НЕ I Iso T e 
(CH3)3C— Br + -Br 
Reaction coordinate 
13.55 
О О 
Initiation: NC Br: ———- Ne + “Вг 
№) .. ћу .. 
[9] О 
МВ5 
Propagation: ЖОРЫ “ + све 
eS at С 
(from NBS) 
Br 
Termination: Вг: * Вг: => :Br— Br: 
(one possibility) 
13.56 
е 
a NBS Br 
гё TIS 
ZA Өз *- + «Br 
hv 
x Br 
м ә 
| re-draw 
Br 
Br 
CT 4) 
CA Нов 
а 
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EL 1,2-CHs shift де“ Br 
s; а а diam. 


3,3-dimethylbut-T-ene 2? carbocation 3? carbocation 2-bromo-2,3-dimethylbutane 


3,3-dimethylbut-T-ene 


13.57 


N 


HBr The 2? radical does 1-bromo-3,3-dimethylbutane 


В NOT rearrange. 


Addition of HBr without added peroxide occurs by an ionic mechanism and forms a 2? carbocation, 
which rearranges to a more stable 3? carbocation. The addition of H* occurs first, followed by Br . 
Addition of HBr with added peroxide occurs by a radical mechanism and forms a 2? radical that does 
notrearrange. In the radical mechanism, Вг” adds first, followed by H 


13.58 
с, K* -OC(CH3)s H20 он 
а. -- СІ 
А H2SO, 
Q (% 
О 
(from a.) 
NBS 
é Br OH 
у ВООВ 
(from a.) 
OH 
d. (To [1] NaCN cr 
2] H20 
(from b.) [2] H2 cN 
13.59 
Br; K* -OC(CH3) mCPBA 
Lx Br О 
һу 
та)ог 1-methylcyclohexene 
product oxide 
13.60 
= Ман —c-  CH3CH2Br H2 HBr 
нс=сн нс=с 3152 — 
ae ——— à — = ZA N ™ Br 


Lindlar catalyst 4 РООР 
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13.61 
Bro K* ТОС(СНа)з Bro 2 МаМН> 
а. СНз— СНз rt, CH3CH2Br | — — — — ——»- CH=CH? BrCH2 = CH3Br > НСЕСН 
v 
HC=CH (from а.) 
Ман 
О = 2m 
mCPBA [Hee = 
b. CH=CH ------ 12] HO > == 
(from а.) * OH 
NaH S CH3CH2Br => NaH = 
с. HC=CH = HC=C ae 
(from a.) \ 
(from a.) | СНзСН2Вг 
(from a.) 
Na = 
ими == 
= NH3 
=S H20 
d = 2 DER 
(from c.) H2504 О 
HgSO4 
13.62 
СІ» us 
Cl; K* -OC(CH3)s [1] Оз жж 2000 
ВЕ OHC 
hv [2] (CH3)2S 

13.63 


OH 
у => MATS 
OH 


hexane-2,3-diol 


Br 
иг- Bm p KŻ -OC(CHa)s D WELL SNP 


Br NaNH> 


P B = == 
(excess) 
OH 
[1] Ман "M. н; m [1] OsO4 у 


[2] ~_ Br Lindlar [2] NaHSO3, H2O 


OH 
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13.64 
О» abstracts a Н here. .. 
? none 
= — са Со оа БЧА соон == e соон 
H H .. ee ry 
EM СьНи Е. — ~ CsHn EM 1 СѕНи 
агасһіаопіс асіа + HOO- 
OOH :0-0; 7 
== = СООН Е 
= С5Ни Ы 
another molecule of 
| Ә-БІРЕТЕ arachidonic acid 
This process is repeated. 
13.65 
См ES ЖР [1] oco [2] Lo m п Ж. 
Е Е Ры c JUS = 9-6: 2 O-OH 
о С” О о кор о И 
M [3] 
+ HOO: + 
О 


Then, repeat Steps [2] 
and [3]. 


13.66 For resonance structures A—F, an additional resonance form can be drawn that moves the 
position of the three т bonds in the ring bonded to two OH groups. 


Radical Reactions 13-23 
b. Homolysis of the indicated OH bond is preferred because it allows the resulting radical to 
delocalize over both benzene rings. Cleavage of one of the other OH bonds gives a radical 


that delocalizes over only one of the benzene rings. 


13.67 Abstraction of the labeled H forms a highly resonance-stabilized radical. Four of the possible 
resonance structures are drawn. 


OH OH :OH OH, 
HO OH -0 OH -— 20 0: 10 о: 
vitamin C x 
To NN To M 
:0 о: ds о: 


13.68 Тһе monomers used in radical polymerization always contain double bonds. 
О 


О ig I 
a. тез. = = b. m E p 


polyisobutylene Я 


о “Go СУ 


poly(ethyl acrylate) 
(used in Latex paints) 


13.69 
О 
So | о 
о 
Ба o^ 
a. о — > 
ж 
methyl methacrylate o o 
PMMA 


MEN CL 


hydroxyethyl methacrylate 
poly-HEMA он 
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13.70 Polystyrene has H atoms bonded to benzylic carbons—that is, carbons bonded directly to а 
benzene ring. These C-H bonds are unusually weak because the radical that results from 


homolysis is resonance stabilized. 


No such resonance stabilization is possible for the radical that results 
from С-Н bond cleavage in polyethylene. 


13.71 
Overall reaction: ROOR M ^u, 
ЖФ- CN uU da. dd 
CN CN CN 
CN 
үн TUN Yo Xm B ^ / 
Initiation: ROTOR (n RO: + сњ=с ROCH;—C: 
Қ ss U \ 
Y. T 
carbon radical 
CN CN 
| "E OU UI TM. 
Propagation: ROCH5—C: CH5—C ROC за are. 
z 4 z \ 
\ 
H ü H H 
Repeat Step [3] over and over. new C-C bond 
CN NC [4] CN EN 
ГА А 
Termination: мсн М C= CHa EE ыы e eH [one possibility] 
H H H H 
13.72 


; 


; 
Де = ШО 


А 
OCH3 OCH3 OCH3 


b. The OCH3 group stabilizes an intermediate carbocation by resonance. This makes A 
react faster than styrene in cationic polymerization. 


i + i | 
:OCHs :OCHs + ОСН: 


three of the possible resonance structures 
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13.73 
СЕН 
СІ а а а а 615 cl Cl СНБ 
pa + A C6H5 
СІ 8 8 
alternating copolymer 

13.74 

singlet singlet 

at 2.23 at 4.04 doublet 

| | at 1.69 
CI 
CI СІ; b d Cl 227 doublet at 5.85 
EE + 
Е СІ һу а СІ 2 СІ 
multiplet CI 
c A at 4.34 Р 

13.75 

triplet Molecular formula C3HgClz 

| | Integration: relative area 2:1 

Clo Because the compound has 6 H's and the sum of the relative areas is 3, 
ат Se each absorption is due to twice as many H's. 
hv : Я 
One signal is due to 4 H's. 
intet The second signal is due to 2 H's (2 x 1). 
moa 1H NMR data: 
ПИО СОЕ Це quintet at 2.2 (2 H's) split by 4 H's 
triplet at 3.7 (4 H's) split by 2 H's 

13.76 


a. The triphenylmethy] radical is highly resonance stabilized, because the radical can be 
delocalized on each of the benzene rings. As an example using one ring: 


СєН5 CeHs СНБ CeHs 
CeHs ` `СвН5 d CeHs 4 CeHs 
In addition, the radical is very sterically hindered, making it Сену 


difficult to undergo reactions. 


b. First, draw the resonance form of the radical that places the unpaired electron on the C that 
forms the new С-С bond. 


о 


c. Hexaphenylethane formation would require two very crowded 3? radicals (о combine. The 
formation of А results from a radical on one of the six-membered rings, which is much more 
accessible for reaction. 


A 
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d. The 'H NMR spectrum of hexaphenylethane should show signals only іп the aromatic region 
(7-8 ppm), whereas the |Н NMR spectrum of A will also have signals for the өр” hybridized 
C-H bonds (4.5-6.0 ppm) of the alkenes, as well as the single Н on the өр” hybridized carbon. 
The "C NMR spectrum of hexaphenylethane should consist of lines due to the 4? C's and the 
aromatic C's. For A, the "C NMR spectrum will also have lines for the sp’ and sp’ hybridized 
C's that are not contained in the aromatic rings. 


13.77 
A із. Heb MELLE Gic we e 
(C hv 
Чей 
Bit ORO а p сі V Ss + СІ 
13.78 
Initiation: R3SnH + 2 --- RgSn: + HZ 
4 : 
Propagation: dB ы OP о + R3SnBr 
R3Sn: 
Gf ok R3SnH 
С N” AA == = mI fy t ВзЅп: 
3 
PIER. | R3SnH 
Са —_=* Ре + ВзЅп: 
R3SnH 
ZS И ИТ + R3Sn- 
13.79 
О 
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Chapter 14: Conjugation, Resonance, and Dienes 
Chapter Review 


Conjugation and delocalization of electron density 

e The overlap of p orbitals on three or more adjacent atoms allows electron density to delocalize, 
thus adding stability (14.1). 

e An allyl carbocation (CH,ZCHCH, ) is more stable than a 1° carbocation because of p orbital 
overlap (14.2). 

e Inasystem Х--Ү-2:, Z is generally sp’ hybridized to allow the lone pair to occupy a p orbital, 
making the system conjugated (14.5). 


Four common examples of resonance (14.3) 
[1] The three atom “allyl” system: Х-Ү-2 <-- X-Y-Z * =+, Ore 


[2] Conjugated double bonds: б 


[3] Cations having a positive charge 
adjacent to a lone pair: 


[4] Double bonds having one atom more t е Қ 
: —— X—Y: Electronegativity of Y > X 
electronegative than the other: 
Rules on evaluating the relative stability" of resonance structures (14.4) 
[1] Structures with more bonds and fewer charges are better. 


X — уж 


all neutral atoms 
one more bond 
better resonance structure 


[2] Structures in which every atom has an octet are better. 


А 

"a, 5 

CH “СН + сну “сн, 
| t=) 


All second-row elements have an octet. 
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[3] Structures that place a negative charge on а more electronegative element are better. 


The (-) charge is on the more 
electronegative O atom. 


қ 
p 


UJ better resonance structure 


The unusual properties of conjugated dienes 
[1] The С-С о bond joining the two double bonds is unusually short (14.8). 
[2] Conjugated dienes are more stable than similar isolated dienes. ДАНУ of hydrogenation is smaller 
for a conjugated diene than for an isolated diene converted to the same product (14.9). 
[3] The reactions are unusual: 
e Electrophilic addition affords products of 1,2-addition and 1,4-addition (14.10, 14.11). 
e Conjugated dienes undergo the Diels—Alder reaction, a reaction that does not occur with 
isolated dienes (14.12-14.14). 
[4] Conjugated dienes absorb UV light in the 200—400 nm region. As the number of conjugated 
т bonds increases, the absorption shifts to longer wavelength, which is lower in energy (14.15). 


Reactions of conjugated dienes 
[1] Electrophilic addition of HX (X = halogen) (14.10, 14.11) 
x 


HX 
5 Ж 9 
/ се : X 
27 (1 equiv) | poen 


1,2-product 1,4-product 

kinetic product thermodynamic product 
The mechanism has two steps. 
Markovnikov's rule is followed. Addition of Н” forms the more stable allylic 
carbocation. 

e The 1,2-product is the kinetic product. When Н” adds to the double bond, X adds to the 
end of the allylic carbocation to which it is closer (C2 not C4). The kinetic product is 
formed faster at low temperature. 

ө The thermodynamic product has the more substituted, more stable double bond. The 
thermodynamic product predominates at equilibrium. With buta-1,3-diene, the 
thermodynamic product is the 1,4-product. 


[2] Diels—Alder reaction (14.12-14.14) 


Ж £ Ы 
ње — О 
ON 


1,3-diene  dienophile 


The three new bonds are 
labeled in bold. 
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The reaction forms two o bonds and one т bond in a six-membered ring. 

The reaction is initiated by heat. 

The mechanism is concerted: all bonds are broken and formed in a single step. 
The diene must react in the s-cis conformation (14.13A). 

Electron-withdrawing groups in the dienophile increase the reaction rate (14.13B). 
The stereochemistry of the dienophile is retained in the product (14.13C). 

Endo products are preferred (14.13D). 


Practice Test on Chapter Review 


1.a. Which of the following statements is true about the Diels—Alder reaction? 
1. The reaction is faster with electron-donating groups in the dienophile. 
2. The reaction is endothermic. 
3. The diene must adopt the s-cis conformation. 
4. Statements (1) and (2) are true. 
5. Statements (1), (2), and (3) are all true. 


b. Which of the following statements is true about the absorption of ultraviolet light by unsaturated 
systems? 
1. Penta-1,4-diene requires light having a wavelength < 200 nm for electron promotion. 
2. Cyclohexa-1,3-diene absorbs ultraviolet light with a wavelength > 200 nm. 
3. As the number of conjugated п bonds increases, the energy difference between the excited state 
and ground state decreases. 
4. Statements (1) and (2) are true. 
5. Statements (1), (2), and (3) are all true. 


c. Which of the following compounds contains a labeled carbon atom that is sp’ hybridized? 


CY CH; cr сн; bi сн; 
А в с 
1. A only 
2. B only 
3. C only 


4. A and B 
5. A, B, and C 


d. Which of the following represent valid resonance structures for A? 


+ + 
NH2 NH2 NH2 A NH; 
CT | ae 2 ms à СТ 


А 
4. Both (1) апа (2) are valid resonance structures. 


5. Structures (1), (2), and (3) are all valid. 
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2. Name the following compounds and indicate the conformation around the o bond that joins the two 
double bonds. 


3.a. Consider the four hydrocarbons (А-В) drawn below. [1] Which compound absorbs the shortest 
wavelength of ultraviolet light? [2] Which compound absorbs the /ongest wavelength of 


ultraviolet light? 
A B 


с D 


b. Consider the four dienes (A-D) drawn below. [1] Which diene is most reactive in the Diels-Alder 
reaction? [2] Which diene is the least reactive in the Diels—Alder reaction? 


MA л» не EA 


B с D 


4. Draw the organic products formed in each reaction. In part (b), label the kinetic and thermodynamic 
products. 


a. o-( о + а а - 


OCH3 indicate 


stereochemistry 
HB 
(1 equiv) 


[] А 
Ата | 
[2] CH302C 


CO4CHs 


о 


indicate 
stereochemistry 
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5. What diene and dienophile are needed to synthesize the following Diels-Alder adducts? 


О CI CI 
a. b. 
Ж СІ 
[9] 
CH3O 
СНО 


Answers to Practice Test 


1.а. 3 4.a. 5.a. 
b. 5 О 
с. 4 сњо T CH3O 
d.1 
СНзО 
2.a. (AZ, GE)-6,7-diethyl-2- Ho | 


. О 
methyldeca-4,6-diene, s-trans (both H's up or both H's down) i 
о 


b. (2Z 4E)-3-ethyl-6,6- 
dimethylnona-2,4-diene, 


s-trans b. b. 
CI СІ CI 
за. [1] A; [2] C S X | à 
b. [1] D; [2] A kinetic CN 
+ 
Вг 
thermodynamic 
с. 
Ж. CO5CHs; 
CO2CH3 
Answers to Problems 
14.1 Isolated dienes have two double bonds separated by two or more o bonds. 
Conjugated dienes have two double bonds separated by only one o bond. 
о isolated isolated conjugated 
2 conjugated Қ у: X 
PB EN p 
a. же b. с. be d d. e. А 
ж isolated nnd conjugated 
Two o bonds separate Опе o bond separates 
two double bonds - two double bonds - 
isolated diene. conjugated diene. 
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14.2 Conjugation occurs when there аге overlapping p orbitals on three or more adjacent atoms. 
Double bonds separated by two o bonds are not conjugated. 


О 
ЖО — 
а. Ж Ж с. е. 
Six of the carbon atoms are sp? 


Ж ES 
hybridized. Each x bond is The two x bonds аге А А 2 Еи 
separated by only one с bond. separated by only one o bond. This carbon is not sp^ hybridized. 
conjugated conjugated NOT conjugated 


The three x bonds are Three adjacent carbon atoms are sp? hybridized 
separated by two or three o bonds. and have an unhybridized p orbital. 
NOT conjugated conjugated 


14.3 Two resonance structures differ only in the placement of electrons. All o bonds stay in the 
same place. Nonbonded electrons and т bonds сап be moved. To draw the hybrid: 


e Usea dashed line between atoms that have а « bond in one resonance structure and not the 
other. 


e Use а symbol for atoms with a charge or radical in one structure but not the other. 


К >> resonance hybrid: 
NA * 
+ у 
A 


The + charge is delocalized 
on two carbons. 


resonance hybrid: 


On 
~) 


=== 6+ Тре + charge is delocalized 
on two carbons. 
i д+ 
resonance hybrid: 
+ ô+ 8+ Тһе + charge is delocalized 
on two carbons. 


14.4 5,1 reactions proceed via a carbocation intermediate. Draw the carbocation formed on loss of 
СІ and compare. The more stable the carbocation, the faster the 5,1 reaction. 


CH5 = СНСН-СІ CH3CH5CH3CI is a 1° halide, which does not react by ап 5,1 
8-chloroprop-t-ene reaction because cleavage of the С-СІ bond forms a highly 
more reactive unstable 1? carbocation. 
CH3CH2CH3CI 
H Е 1-chloropropane 
CH2 — CH = СН; CH2 — CH — СН; less reactive 
resonance-stabilized carbocation | 
Two resonance structures delocalize CH4CH;CH; 


the positive charge on 2 C's, making | 
3-сһіогоргор-1-епе more reactive. only one Lewis structure 
very unstable 
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14.5 
жы op * X + ~ DS и opp 
isopentenyl diphosphate farnesyl diphosphate 
Five C's of farnesyl diphosphate come from isopentenyl diphosphate, so the remaining 10 C's 
come from X. If the reaction is analogous to the formation of geranyl diphosphate, X must 
contain 10 C's and have an allylic diphosphate. 
DS s и opp 
и Eu es = X 
14.6 


Move the charge 
and the double bond. 


СӨ: :0: 
H H 


Move the charge 
and the double bond. 


0 «О OS О 


Move the charge 
and the double bond. 


Move the lone pair. 


147 То compare the resonance structures remember the following: 
Resonance structures with more bonds are better. 


e Resonance structures in which every atom has an octet are better. 
e Resonance structures with neutral atoms are better than those with charge separation. 
e Resonance structures that place a negative charge on a more electronegative atom are 
better. 
no octet one more bond :0: О: ba 
/ C . . . " . 
aT 1 St Poo pics p 25 
а. МН, <-- NH2 == NH2 b. NH NH NH 
. least stable negative charge on the hybrid 
hybrid more electronegative atom most stable 
least stable one more bond most stable better resonance structure 


АП atoms have an octet. 


better resonance structure intermediate stability 


intermediate stability 
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^ n ô+ 
| Е ЧОР 29 
ЗЫ ы Ж „е, 
9+ 
least stable one more bond most stable 


better resonance structure 


intermediate stability 


8 


14. 


је 


most stable 


MR 


one more bond 
better resonance structure 


least stable 


intermediate stability 


.. + 
(> OCH ua 2- OCH3 


largest contribution 
more bonds 
All atoms have octets. 


149 Remember that in any allyl system, there must be p orbitals to delocalize the lone pair. 


2 


о | 
| | 


sp? sp 


Soe 
| 


5р2 


14.10 Constitutional isomers differ in the way the atoms are bonded to each other. Stereoisomers аге 
compounds that differ in 3-D arrangement of groups. Conformations are identical compounds 


that interconvert. 


s-cis 


S-trans 


A B 


ZO 


Pd 
bonded to a E 
different C 
с р 


А апа B: conformations 
А and C: constitutional isomers 
A and D: stereoisomers 


14.11 The s-cis conformation has two double bonds on the same side of the single bond. 
The s-trans conformation has two double bonds on opposite sides of the single bond. 


c. (3Z,5Z)-4,5-dimethyldeca-3,5-diene in 


a. (2E,4£)-octa-2,4-diene in the s-trans conformation 
both the s-cis and s-trans conformations 


Pa d 
| 2 2 
double bonds оп opposite sides | | 
S-trans 27 Ж 
5-сів --- s-trans ——- 
b. (3E,5Z)- nona-3,5-diene in the s-cis conformation unl pz 
2 2 
/- 2 
| nnnc E 


double bonds on the same side 
S-cis 
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14.12 


S-cis 


conjugated 


s-trans 
isol 
isolated о 
Ca Z )—он 
isolated 


isolated 


14.13 Bond length depends on hybridization and percent s-character. Bonds with a higher percent 
s-character have smaller orbitals and are shorter. 


| | 


HC=C—C=CH о СНз = СНз 
Sp hybridized carbons sp? hybridized carbons sp? hybridized carbons 
5096 s-character 33% s-character 25% s-character 
shortest bond intermediate length longest bond 


14.14 Two equivalent resonance structures delocalize the т bond and the negative charge. 


20: :07 hybrid: :O ò- 

S » 5 " ‚/ = These bond lengths are equal 
x = 2 ( W -——— because they are identical. 
О: :0: :Qa- 


14.15 The less stable (higher energy) diene has the larger heat of hydrogenation. Isolated dienes 
are higher in energy than conjugated dienes, so they will have a larger heat of hydrogenation. 


a. POSEE or PO ок 
Double bonds separated by Double bonds separated by 
one o bond = conjugated diene two o bonds - isolated diene 
smaller heat of hydrogenation larger heat of hydrogenation 
Double bonds separated by Double bonds separated by 
one o bond = conjugated diene two o bonds - isolated diene 
smaller heat of hydrogenation larger heat of hydrogenation 


14.16 Isolated dienes are higher in energy than conjugated dienes. Compare the location of the 
double bonds in the compounds below. 


O conjugated double bonds 2 conjugated double bonds 3 conjugated double bonds 
least stable intermediate stability most stable 
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14.17 Conjugated dienes react with HX to form 1,2- and 1,4-products. 


a. Pa wa A dis did i dis did 
СІ СІ 
(* Zisomer) (* Zisomer) 
1,2-product 1,4-product 


A RS 


isolated diene 


Cr 
2 X 25s | 
ер на, o: YY 


| double bond is more reactive, so C is probably a minor product 
because it results from HCI addition to the less reactive double bond. 


14.18 The mechanism for addition of РС! has two steps: 
[1] Addition of D* forms a resonance-stabilized carbocation. 
[2] Nucleophilic attack of СГ forms 1,2- and 1,4- -products. 


[1] р 
ORE a 


€ (v ү D b КӘНЕ 
рс dit 
у [2] 
| [2] а 
+ | 
с! 
D D 


14.19 Label the products as 1,2- or 1,4-products. The 1,2-product is the kinetic product, and the 1,4- 
product, which has the more substituted double bond, is the thermodynamic product. 


This is C1. The H is ie here. The H is added here. 
HCI 
+ 
| 1,2-product 
kinetic product 
This is C4. 1,4-product 


thermodynamic product 
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14.20 To draw the products of a Diels—Alder reaction: 
[1] Find the 1,3-diene and the dienophile. 
[2] Arrange them so the diene is on the left and the dienophile is on the right. 
[3] Cleave three bonds and use arrows to show where the new bonds will be formed. 


OH re-draw А 
а. 4 + ТР as SS — S 


о о 
А А | I 
diene dienophile OH 
G^ \ 
227. Қы О 
re-draw A 
b di + C 7» = — о 
ША; о 
О 
diene ; . 
Rotate to dienophile 
make it s-cis. 
re-draw 
277 = = Е О А О 
с. + 7 | 
О 
dienophile diene 
Rotate to 


make it s-cis. 


14.21 For a diene to be reactive іп а Diels—Alder reaction, a diene must be able to adopt ап s-cis 


conformation. 
a. b. C. d. e. 
"m 
reactive unreactive reactive unreactive reactive 


s-trans s-trans 


14.22 Zingiberene reacts much faster than 3-sesquiphellandrene as a Diels—Alder diene because its 
diene is constrained in the s-cis conformation. The diene іп D-sesquiphellandrene is 
constrained in the s-trans conformation, so it is unreactive in the Diels—Alder. 


14.23 Electron-withdrawing substituents in the dienophile increase the reaction rate. 


OH = 
Z^ Ср Ho уон 


О оо 
по electron-withdrawing groups one electron-withdrawing group two electron-withdrawing groups 
least reactive intermediate reactivity most reactive 
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14.24 А cis dienophile forms a cis-substituted cyclohexene. 
A trans dienophile forms a trans-substituted cyclohexene. 


О О 
= / К 
i о-( у А o^ | Ker 
а А7 = : 
ш. o. WO 
cis dienophile О cis-substituted products 9 


о О 
O 
ж өз ж 
А eer A X36 : 7 со 
о „ „О On. 
еј 


О 


trans dienophile trans-substituted products 


О 
О 
Н 
E гё © А 
| + 
О H | YN identical 


cis dienophile | | 
cis-substituted product 


14.25 Тһе endo product (with the substituents under the plane of the new six-membered ring) is the 
preferred product. 


О 
а. > Ж sA — / 


endo substituent 


217 оо \ 


both groups endo 


14.26 То find the diene and dienophile needed to make each of the products: 
[1] Find the six-membered ring with a C-C double bond. 
[2] Draw three arrows to work backwards. 
[3] Follow the arrows to show the diene and dienophile. 
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СІ СІ 


СІ 
СІ о 
H H 
с. A H ? H с! 
Je E о > + о 
ҳи СІ 
о о 
[9] 
о 


14.27 
nA 
Ж кш / 
—<—— Place this group endo. 
О 
[2] == но 
5 7 2s 2 E - / 
О endo 
14.28 


CH,O CH30 


„ ot) me) 
+ МС 
~ ғ " Ж о (+ enantiomer) 
Ne Ға” Ж Ho 
A 


14.29 Conjugated molecules absorb light at a longer wavelength (a lower energy) than molecules that 
are not conjugated. 


27 < 


all double bonds conjugated 
longer wavelength 


one set of 
conjugated dienes 


conjugated not conjugated 
longer wavelength 


14.30 Sunscreens contain conjugated systems to absorb UV radiation from sunlight. Look for 
conjugated systems in the compounds below. 


О О 
EN 
CH30 


not a conjugated system conjugated system 
could be a sunscreen 
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14.31 
2 
27 
а. 3 | | Б. / 
= — s-cis conformation 4 
PS КЕ 
4 2 N | 
s-trans conformation 
(2Z,4E)-3,4-dimethylhepta-2,4-diene (2E,4Z)-3,4-dimethylocta-2,4-diene 
14.32 
О 


а. CO3CH3 
/ H OCH3 —> + p 
х/ ! 
H CH305C 
О 


14.33 Use the definition from Answer 14.1. 


OF O04 OT 


This C is sp?. 1л bond with 
no adjacent 
sp? hybridized atoms 
NOT conjugated 


2 multiple bonds with only 
16 bond between 1m bond with 


conjugated an adjacent 


sp? hybridized atom 
The lone pair occupies a p orbital, 
so there are p orbitals on 
three adjacent atoms. 
conjugated 


14.34 


о 


о 


Os — Qs Qs 
20: О: :0: :0: :0: :0: 


КИР аи. а; 


Ж Z К 


1л bond with 
no adjacent 
sp? hybridized atoms 
NOT conjugated 


de d 
РД 
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i E + + + 
act с он он (^он он 
е 
v 
2» t 
f . — ——> — — 
E + 
OCH; Осн; Осн; T" OCH; OCH; 


14.35 No additional resonance structures can be drawn for compounds (а) and (d). 


a ô- 


2. E T 9+ 
5 cm хо осн; Ч -20сң; А ~ 
.. .. .. >< же Us 
Ni NT N 
CH3 


CH3 ~CH3 
hybrid hybrid 
14.36 
27 27 27 27 > ~ 
n ie, асан Шота go UL = | = | 
S Ж ЫЛ NA S ы. + ж-- T TM 
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14.37 


5- Five resonance structures delocalize the negative charge on five C's, 


resonance hybrid: 


14.38 


Draw the products of cleavage of the bond. 


ethane СНз == СНз 


ы СНз = СНз 


Two unstable radicals form. 


14.39 


a. (Z)-penta-1,3-diene in the s-trans conformation 
^^ 
double bonds оп opposite sides 


s-trans 


b. (2E,4Z)-1-bromo-3-methylhexa-2,4-diene 


ден 


14.40 


© 
NN 
[^] 

{ 
= 

о 

= f= | 
[^] 


(32,5Z)-4,8-dimethyInona-3,5-diene 
drawn in the s-trans conformation 


14.41 Use the definitions in Answer 14.10. 


Ж 


making them all equivalent. 


АП of the carbons are identical in the anion. 


Биі-1-епе 


Use the directions from Answer 14.11. 


NAAZ 
| 
CH3 + PAN == Ze 


One resonance-stabilized radical forms. 
This makes the bond dissociation 
energy lower because a more stable radical is formed. 


с. (OE, AE,6E)-octa-2,4,6-triene 


3 Ммм 
d. (2E,4E)-3-methylhexa-2,4-diene in the s-cis conformation 


X 


S-cis 


(2E, 4Z)-7-ethyl-3-methylnona-2,4-diene 
drawn in the s-cis conformation 


27 
Е 


с D 


a. A and B: constitutional isomers 
b. A and C: stereoisomers 
c. A and D: conformations 
d. C and D: stereoisomers 
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14.42 Use the directions from Answer 14.15 and recall that more substituted double bonds are more 
stable. 


Increasing heat of hydrogenation 


LIES Ым: T CI) 


conjugated diene conjugated diene isolated diene isolated diene 
one tetra-, one disubstituted one di-, one trisubstituted one di-, one trisubstituted both disubstituted 
double bond double bond double bond double bonds 
smallest smaller intermediate larger intermediate largest 
heat of hydrogenation heat of hydrogenation heat of hydrogenation heat of hydrogenation 


14.43 Conjugated dienes react with HX to form 1,2- and 1,4-products. 


Br 
т «Бе с major product, formed by addition of HBr to the more 
(1 equiv) substituted C-C 


isolated diene 


27 (E апа 2 isomers can form.) 
(1 equiv) 


1,2-product 1,4-product 
Br 
B 
Ж ; Ж 
+ + + 
(1 equiv) Вг 
1,2-product 1,4-product 1,2-product (E and Z isomers) 
1,4-product 
14.44 
МЫРЫ жж 
Вг 
a db d 
Br 
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14.45 


This cation forms because it is benzylic and resonance stabilized. 
+ + 
> E = А 
А НВг | Ts | 
A 
=> > 
Вг 
eee + 
с 
H Br 
+ = 
J Br 
+ === = S ---- 
1,2- 
H shift c 


2? carbocation This 2? carbocation 
is also benzylic, making it 
resonance stabilized, as above. 


y 


14.46 То draw the mechanism for the reaction of a diene with HBr and ROOR, recall from Chapter 
13 that when an alkene is treated with HBr under these radical conditions, the Br ends up on 
the carbon with more H's to begin with. 


AA z " ` 
вӘ-Ов RO- + Or + H?Br HOR + „Вг: 
Can 
| Z^ 
:Br у ЕЗ” қ 
Use each resonance structure to react with HBr. = < 27 ыды 
2 Ои - 
:Вг NN ZF Ч Вг StF + Br: 
Bro ASA H—-Br — а В жым + -Br: 
14.47 
с2 
НСІ / 
nue СІ у 
| са + 
x Y c z 
H adds here at C1. СІ added at C2. СІ added at СА. 
1,2-product 1,4-product 
kinetic product thermodynamic 


product 


Y is the kinetic product because of the proximity effect. Н and СІ add across two adjacent atoms. 
Z is the thermodynamic product because it has a more stable trisubstituted double bond. 
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Addition occurs at the labeled double bond due to the If addition occurred at the other C-C, 
stability of the carbocation intermediate. the following allylic carbocation would form: 
4 
The two resonance structures for this allylic The two resonance structures for this allylic 
cation are 3? and 2? carbocations. cation are 1? and 2? carbocations. 


more stable intermediate 
Addition occurs here. less stable 


14.48 There are two possible products: 


disubstituted С-С 
trisubstituted С=С 


< + we 
Br Br 


1,2-product 1,4-product 


The 1,2-product is always the kinetic product because of the proximity effect. In this case, it is 
also the thermodynamic (more stable) product because it contains a more highly substituted 
C=C (trisubstituted) than the 1,4-product (disubstituted). Thus, the 1,2-product is the major 
product at high and low temperature. 


14.49 Draw 1,2- and 1,4-addition products for each reaction. 


HO 
OH 
H20 Br2 
a. * < он b. CY Br + == он 
Н-50, H20 


1,2-product 1,4-product 1,2-product 1,4-product 


14.50 The electron pairs on O can be donated to the double bond through resonance. This increases 
the electron density of the double bond, making it less electrophilic and therefore less reactive 
in a Diels-Alder reaction. 


(AKA о 3st 
Е Хо“ 
methyl vinyl ether | 
This C now bears a net negative charge. 


14.51 Use the directions from Answer 14.20. 


CO2CH3 CO 2CH3 a CO2CH3 
а. Е | А : | 
EN A y 
СІ ‘Cl СІ 


diene trans dienophile trans-substituted products 
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CO4CHs COCH; «СОСН; 
+ с! СІ К 
diene cis dienophile cis-substituted products 


Oe дыг 
ый BE un 
27 М. А 
р А db d + | EN j 
о re-draw О H 
—— endo substituent 
о 


14.52 Use the directions from Answer 14.26. 


Z CO2CH3 
a. CO zCH3 у CO>CH3 —- + Y 
SS 
CO;CH4 сосн, CO3CH3 
b. у — 06 + Г 


Conjugation, Resonance, and Dienes 14-21 


CN 
= 
О 
О 


14.53 

О О 
e This pathway is preferred because 

J с | the dienophile has electron- 

мг => withdrawing С-О groups that 
d make it more reactive. 
О О 
О О 
CH2 
| — qe 
CH2 
О | О 
no electron-withdrawing groups 
less reactive 
14.54 
О о О 
o О Z t А оќ 
" Б а + == — EP | | 
Е OCH3 SON | 
"EAS dienophile О О 
О О 9 
___ А 
ПОД даљ 4 duce 
CH3O OCH3 / 
di dienophile P 
iene о о E о 
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14.55 
OCH3 OCH3 
CHO 
2“ оса + ‘сено + * 
| | CHO 
жест ы; < Б 1,2-disubstituted product 1,3-disubstituted product 
OCH 
Е ће + 
| ОГ major minor 
| H The major product is formed when the circled carbons 
> + 27 with а ô+ апа ô- react. 
ОО “осы и 
Hen 
resonance hybrids: 
9+ осњ 
For the 1,2-product, carbons with unlike charges For the 1,3-product, there are no partial charges of 
would react. This is favored because the electron- opposite sign on reacting carbons. This arrangement 
rich and the electron-poor C's can bond. is less attractive. 
14.56 
In each problem, the synthesis must jj A 
begin with the preparation of 2 
cyclopentadiene from dicyclopentadiene. 
dicyclopentadiene cyclopentadiene 
| НО 
COOCH3 [1] OsO4 
a. - HO 
n [2] NaHSO3, Н2О 
CO2CH3 CO2CH3 
/ 8 mCPBA 
О 
О 
ж бое d. Jo excess] A [1] NaH 
Pd- pac РА асчу ды 
Вг 
он ойы айы» 
14.57 
re-draw А о 


РРО Е 2 


| | 


аіепе dienophile 


Dt 
5% 


О 


e 
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О 
AU / 


— 


14.58 А transannular Diels—Alder reaction forms a tricyclic product from a monocyclic starting 
material. 


| 95 
X | 
ж-е? о 
С О 
14.59 Stability increases with conjugation апа an increasing number of В groups on the С=С. 


or oor 


E F G H 


a. Increasing heat of hydrogenation = decreasing stability 
Е < б < E < Н 
completely 


conjugated 
dns C-C's 


all 
isolated 


conjugated diene conjugated diene 
more R groups fewer R groups 
b. E is most reactive. 
c. F, G, and H are unreactive. 
d. F absorbs the longest wavelength of ultraviolet light. 


14.60 
* X 
N SU АКТ + № ——— W + ЊО — 5 Sz, 
om = 
Vi two resonance ui 
structures 
Br 
+ 
ag —— Ж 
+: Ви 
14.61 
1 
а. НІ + us I 
conjugated diene 1,2-ргодис! 1,4-product 
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o [e 
222 А Ы О 
b. о + О / 
ше 
о 
о 


diene dienophile 


7 CO>CH3 СОСН; 
2 2 | 
e ZNI + `ё`со,сы, qud t Ch 
diene ЕА 


trans dienophile 


зоо ре 


conjugated diene Br 
1,2-product 1,4-product 
14.62 
(ОРР 

+ РР, У 
re-draw 
Y 

2 X 


(ду 
H + 
+ HB* N 
B: 


14.63 Тһе more stable the carbocation, the faster the 5,1 reaction. The carbocation from А is more 
stable because the lone pairs on the O atom of the OCH, afford additional resonance 


stabilization. 
more stable carbocation 
—— Br —— 
Г + 
СНзО - CH30 ni - CH3O ——  CH3O 
Т а, e у= “= 
+ 
A + Br | 


| 


additional resonance structure with all 
atoms having an octet 


less stable carbocation 
Br — 


О О О О 
} X T 
V / ч # == =: 
о This resonance structure is destabilized o 
because the (+) charge is adjacent to the д+ 
$ on the С-О atom. 
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14.64 The mechanism is ЕІ, with formation of a resonance-stabilized carbocation. 


14.65 
сі Pe 
s ка 
Ж жж т 27 < 
В1 
loss of H (from В, C) + CI loss of H (from В2 C) + CI 
conjugated more substituted 
more stable 
major product 
b. Dehydrohalogenation generally forms the more stable product. In this reaction, loss of 
H from the В; carbon forms a more stable conjugated diene, so this product is preferred 
even though it does not contain the more substituted C-C. 
14.66 
singlet at 1.42 ppm 
о | juam 
mCPBA Each H is a doublet of doublets in the 5.2—5.4 ppm region. 
pe p "d рр 9 
H H 
isoprene H H 
doublet of doublets at 5.5—5.7 ppm 
two doublets at 2.7-2.9 ppm 

14.67 


co сто оз 


A B с 
all C=C's conjugated 3 С-С5 conjugated 2 С-С5 conjugated 


Increasing wavelength - increasing conjugation 
С<В<А 


14.68 C and D absorb UV light because they contain conjugated т systems. 


22 
с D 
conjugated conjugated 
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14.69 


The phenol makes ferulic acid ап > „С 
antioxidant. Loss of H forms a highly _, 
stabilized phenoxy radical that inhibits 

radical formation during oxidation. HO The highly conjugated x system 
makes it a sunscreen. 


ferulic acid 


14.70 There are two possible modes of addition of HBr to allene. When Н” adds to the terminal 
carbon, а 2? vinyl carbocation is formed, which affords 2-бготоргор-1-епе after nucleophilic 


attack. 
Br 
a 
[1] СН;--С- СН; = SAID 
H—Br К 2-рготоргор-1-епе 
+ B 


2* vinyl carbocation 


When H' adds to the middle carbon, an intermediate carbocation with a (4-) charge adjacent to 
the С=С is formed. This carbocation is not resonance stabilized (at least initially), because the 
two C=C’s of allene are oriented 90? to each other, a geometry that does not allow for overlap of 
the C2C with the empty p orbital of the carbocation. 


These C=C's are oriented 90° to each other. 


bs 


[2] CH5—C-CH5 » LS == Вг ы 
С Вг © carbocation 
(и + Br 


As a result, path [1] forms a more stable carbocation and is preferred. 


14.71 
cyclohexanamine aniline 
.. .. Да 
( NH2 ( /- NH = (= МН» + other resonance structures 
N is surrounded by 3 atoms and 1 N has a lone pair on an atom 
lone pair, so it is sp? hybridized. adjacent to a C=C. М must be sp? 


hybridized to delocalize the lone pair 
by resonance. 


Basicity is a measure of how willing an atom is to donate an electron pair. The lone pair on the 
N in cyclohexanamine is localized on N, whereas the lone pair on the N in aniline is delocalized 
onto the benzene ring. As a result, the lone pair in cyclohexanamine is much more available for 
donation to a proton than the lone pair in aniline. This makes cyclohexanamine much more 
basic than aniline. 


14.72 
О 
но 
А 
+ | О / H 
О 
О Оз cleaves 
the С=С. О 
Endo product formed. 
14.73 
о O 
Ж А, 
O- ou ТД А 7 
S о О 
CH302C 
CO2CH3 
Diels-Alder A 
reaction 
14.74 
Sa diene 
15 Diels—Alder 


reaction 


күтті 


apap e ceo Either of these alkenes 


D becomes the dienophile 
for an intramolecular Diels— 
Alder reaction in a second step. 


CO2CH3 


CO2CH3 
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The Diels—Alder reaction establishes the 
stereochemistry of the four carbons on the six- 
membered ring. All four carbon atoms bonded to 
the six-membered ring are on the same side. 


loss of CO2 


СО>СНЗ 


/ 
X 
CO2CH3 


Е: two products 


CigH45O4 


274 Diels-Alder 
reaction 


14.75 Aretro Diels-Alder reaction forms a conjugated diene. An intramolecular Diels-Alder 


reaction then forms N. 


со-сн; 


27 
| қ; 
А ` С 
= NOCH3 Р 
retro intra- 
Diels-Alder molecular 
7 Diels-Alder | 
HN as reaction HN 
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Chapter 15 Benzene and Aromatic Compounds 
Chapter Review 


Comparing aromatic, antiaromatic, and nonaromatic compounds (15.7) 
ө Aromatic compound ө А сусіс, planar, completely conjugated compound that 
contains 4n + 2 т electrons (n = 0, 1, 2, 3, and so forth). 
ө Anaromatic compound is more stable than a similar acyclic 
compound having the same number of 7 electrons. 


• Antiaromatic ө Acyclic, planar, completely conjugated compound that 
compound contains 4n п electrons (n = 0, 1, 2, 3, and so forth). 
ө Anantiaromatic compound is less stable than a similar 
acyclic compound having the same number of electrons. 


е Nonaromatic compound e А compound that lacks one (or more) of the requirements to 
be aromatic or antiaromatic. 


Properties of aromatic compounds 

e Every carbon in an aromatic ring has a р orbital to delocalize electron density (15.2). 

e Aromatic compounds are unusually stable. A? for hydrogenation is much less than expected, 
given the number of degrees of unsaturation (15.6). 

Aromatic compounds do not undergo the usual addition reactions of alkenes (15.6). 

'H NMR spectra show highly deshielded protons because of ring currents (15.4). 


Examples of aromatic compounds with 6 т electrons (15.8) 


00950 


benzene pyridine pyrrole cyclopentadienyl tropylium 
anion cation 


Examples of compounds that are not aromatic (15.8) 


=> = 


not cyclic not planar not completely 
conjugated 


Practice Test on Chapter Review 


1. Give the IUPAC name for each of the following compounds. 


ON OH OH 
a. b. с. 
ОМ 


Chapter 15-2 


2. Label each compound as aromatic, nonaromatic, or antiaromatic. Choose only one possibility. 
Assume all completely conjugated rings are planar. 


.О> СА о Q^ CO 


N T 
B er d | ү 
b. d. | f. h. J HN 
Wu + SN NZN NH2 


3. Answer the following questions about compounds A-E drawn below. 


H ,Ма 4 
Wa [2] [4] 
Y Q ү s 
ES и = 3 
Cy О Ten [3] Ha E 
Nb Hp 
A D 


B с 


How is nitrogen N, in compound А hybridized? 

In what type of orbital does the lone pair on N, reside? 

How is nitrogen N, in compound B hybridized? 

In what type of orbital does the lone pair on N, reside? 

Which of the labeled bonds in compound C is the shortest? 

Which of the labeled bonds in compound C is the longest? 

When considering both compounds D and E, which of the labeled hydrogen atoms (H,, H,, H., or 
Hj) is the most acidic? Give only one answer. 

h. When considering both compounds D and E, which of the labeled hydrogen atoms (H,, H,, Н, or 
Н) is the least acidic? Give only one answer. 


о њосо се 


Answers to Practice Test 


].a. 2-sec-butyl-5-nitrophenol 2.а. nonaromatic 3.a. sp” 
b. o-isobutyltoluene b. aromatic b.p 
c. 2-tert-butyl-A-nitrophenol c. nonaromatic с. sp” 

d. antiaromatic d. sp” 
e. aromatic e.4 
f. nonaromatic f.3 
g. aromatic g. H, 
h. aromatic h. H, 
1. antiaromatic 

j. aromatic 


Вепгепе and Aromatic Compounds 15-3 


Answers to Problems 


15.1 Move the electrons in the т bonds to draw all major resonance structures. 


> — 


Gi RU eem cic sc sed Ts о 
diphenhydramine 


15.2 Look at the hybridization of the atoms involved in each bond. Carbons in a benzene ring are 
surrounded by three groups and are гр“ hybridized. 


Csp?—Csp? 


о Csp?—Csp? Csp?—Csp? 
p—Cp 
Csp?-Htts shortest of all Cee 


the indicated bonds 


15.3 


e To пате а benzene ring with one substituent, name the substituent and add the word benzene. 

e Toname a disubstituted ring, select the correct prefix (ortho = 1,2; meta = 1,3; para = 1,4) and 
alphabetize the substituents. Use a common name if it is a derivative of that monosubstituted 
benzene. 


e То name a polysubstituted ring, number the ring to give the lowest possible numbers and then 
follow other rules of nomenclature. 


isopropyl group isopropyl group OH Two groups are 1,3 = meta. 
1 
| <: 
а с || 
“сч ч butyl group 
3 
m-diisopropylbenzene — > phenol 


m-butylphenol 


= ethyl 
1 2 Вг = 2-bromo 
b. d. 


Cl^|5 
sec-butyl | Г —- toluene (СНз group must be at the "1" position, 
if the molecule is named as a toluene derivative.) 
P-sec-butylethylbenzene 5-chloro 


2-bromo-5-chlorotoluene 
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15.44 Work backwards to draw the structures from the names. 


a. isobutylbenzene с. cis-1,2-diphenylcyclohexane e. 4-chloro-1,2-diethylbenzene 
isobutyl ie lee 
7 i E | 
b. o-dichlorobenzene d. m-bromoaniline f. 3-tert-butyl-2-ethyltoluene 


CI Br 
| СІ 
NH; | 


--- aniline 


OH 
1 
6 2 


propofol 


15.5 


15.6 Count the different types of carbons to determine the number of "C NMR signals. 
C 


е 
С; 
Ca | | € э бы. Ср ce. 
Cp c 
| | ^ A “ eK " 
Се [o ei \ / 
с, C, C$ C Сы C 
a 
4 types of C's in the benzene ring All C's are different. Asianals 
6 signals 7 signals 9 


15.7  Theless stable compound has a larger heat of hydrogenation. 


CT T 


A B 
benzene ring, more stable no benzene ring, less stable 
smaller АН? larger AH? 


15.8 To be aromatic, a ring must have 4n + 2 т electrons. 


16ле 20ле 22 ле 
4п 4п 4n*2 
4(4) = 16 4(5) = 20 4(5) + 2 = 22 
antiaromatic antiaromatic aromatic 


15,9 


mx Ко кере 


15.10 


a. The five-membered ring is aromatic 
because it has 6 x electrons, two from 
each л bond and two from the М atom 
that is not part of a double bond. 


NH, O 


F sitagliptin 
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b, c. sp? hybridized N 


lone pair in p orbital 
sp? hybridized N | 
lone pair in p orbital CF3 


F X ow 
Ма ан 5р? hybridized М 


SN lone pair in sp? hybrid orbital 


:МН2 `0: sp? hybridized М 
| lone pair in sp? hybrid orbital 
sp? hybridized N 
lone pair in sp? hybrid orbital 


15.11 In determining if a heterocycle is aromatic, count a nonbonded electron pair if it makes the ring 
aromatic in calculating 4n + 2. Lone pairs on atoms already part of a multiple bond cannot be 
delocalized in a ring, so they are never counted in determining aromaticity. 


2 A 
a. b | 
b H 
„О. О 
Count опе lone pair from О. 
4n+2=4(1)+2=6 
aromatic 


no lone pair from O 
4п%2-4()%2-6 
aromatic 


“O° << 
i | | а. | 2м: 
20. 4 


With one lone 
pair from each O 
there would be 8 л electrons. 
If O's are sp? hybridized, the ring is 
not completely conjugated. 
not aromatic 


Both N atoms are part of 
a double bond, so the lone 
pairs cannot be counted: 
there are 6 л electrons. 
4n+2=4(1)+2=6 
aromatic 


15.12 Compare the conjugate base of cyclohepta-1,3,5-triene with the conjugate base of 
cyclopentadiene. The compound with the more stable conjugate base will have a lower рК. 


H H H 


8 x Electrons make this 
conjugate base 
especially unstable 
(antiaromatic). 


cyclohepta-1,3,5-triene 
pKa = 39 


Because the conjugate base is unstable, 
the pKa of cyclohepta-1,3,5-triene is high. 


H H H 
cyclopentadiene 6 x electrons 


aromatic conjugate base 
very stable anion 


Because the conjugate base is very stable, the рКа of 
cyclopentadiene is much lower. 
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15.13 The compound with the most stable conjugate base is the most acidic. 


| | | 
Conjugate bases: > - O 7 > n 


no resonance two resonance aromatic conjugate base 
delocalization structures most stable 
most unstable base so | Theacidis | The acid is the 
least acidic acid intermediate in acidity. most acidic. 
15.14 
p + 
E + 
— => ——— > => я >» = 
+ + 
+ 
15.15 


; i | 


CO +> E 0 - OD 


8ле from C=C's Вле from C=C's not completely 8ле” from double bonds 10 x eT 

2 xe from O 8ле conjugated 2ne from О aromatic 
10 ле antiaromatic norsromatic 1І0ле 
aromatic aromatic 


15.16 To be aromatic, the ions must have 4n + 2 т electrons. Ions in (b) and (c) do not have the right 
number of п electrons to be aromatic. 


2 л electrons 4 x electrons 37 
7 


400) +2 = 2 antiaromatic 
aromatic 8 x electrons 10 л electrons 
antiaromatic 4(2) + 2 =10 
агота с 


15.17 


N The NMR indicates that А is aromatic. (а) The C's of the 
triple bond are sp hybridized. (b) Each triple bond has one 
А = set of electrons in p orbitals that overlap with other p 
orbitals on adjacent atoms in the ring. This overlap allows 
electrons to delocalize. Each C of the triple bonds also has 
a p orbital in the plane of the ring. The electrons in these p 
orbitals are localized between the C's of the triple bond, not 
delocalized in the ring. (c) Although A has 24 т е total, 
only 18 e are delocalized around the ring. 


Вепгепе апа Aromatic Compounds 15-7 
15.18 In using the inscribed polygon method, always draw (һе vertex pointing down. 
D+ 
2 x electrons 


All bonding MOs are filled. 
aromatic 


2 antibonding MOs 


1 bonding MO 


15.19 Draw the inscribed pentagons with the vertex pointing down. Then draw the molecular orbitals 
(MOs) and add the electrons. 


Cation: Radical: 


2 antibonding MOs 


3 bonding MOs 


4 л electrons 5 л electrons 
Not all bonding MOs are filled. Not all bonding MOs are filled. 
not aromatic not aromatic 


15.20 
g | 
A Бы isopropyl group 
са“ ~ 2 9 Answer: p-isopropyltoluene 
i | seven lines іп C NMR (lettered С.-С,) 
b га Name as а derivative of toluene. 
a с 
Вг p OH 
р 3 < Answer: 3-bromo-5-nitrophenol 
` | All C's are different, so there are six lines in the C NMR. 
4 A 6 Name as a derivative of phenol. 
NO; 
1521 


not sp? hybridized 
H aromatic ring 


NH N 
a. ><, ? b. Я, » | 
A 


not completely 


conjugated The benzene ring is aromatic. The bicyclic ring system 
not aromatic 6 x electrons with the O atom is not completely conjugated, so it is 
aromatic nonaromatic. 
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15.22 


# 


СаНоо: | 


CgHoBr: 


3 isomers 


Br 


2 isomers 


v 
Q 


3 isomers 1isomer 


15.23 To name the compounds use the directions from Answer 15.3. 


sec-butylbenzene 


m-chloroethylbenzene 


- EOF 
Y 


toluene 


p-chlorotoluene 


“СІ 


МН aniline 
9. 
СІ 


o-chloroaniline 


27 


NH2 


Br 1-ethyl-3-isopropyl-5-propylbenzene 


Br 
Ph 


-——aniline 


cis-1-bromo-2-phenylcyclohexane 


2,3-dibromoaniline 


OH 


NO; 


NO; 


-— ——phenol (OH at СІ) 


2,5-dinitrophenol 


15.24 
a. p-dichlorobenzene c. o-bromonitrobenzene 
» „С! Вг 
СІ % B 

b. p-iodoaniline d. 2,6-dimethoxytoluene 
| 1 OCH3 

H2N 

OCH3 


e. 2-phenylprop-2-en-1-ol 
OH 


f. trans-1-benzyl-3-phenylcyclopentane 
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15.25 


а, b. constitutional isomers of molecular formula CgHgCl and names of the trisubstituted benzenes 


ЭТА» pon 


stereoisomers 
for this isomer 


~ 
c ос X 


4-chloro-1,2-dimethyl- 


2-chloro-1,3-dimethyl- 1-chloro-2,3-dimethyl- benzene 
benzene benzene 
CI 
CI KT т ке 
СІ 
1-chloro-2,4-dimethyl- 1-chloro-3,5-dimethyl- 2-chloro-1,4-dimethyl- 
benzene benzene benzene 
c. stereoisomers 
Cl 


RE 


15.26 Count the electrons in the т bonds. Each т bond holds two electrons. 


"uva: 


7 x electrons 10 x electrons 14 x electrons 


15.27 To be aromatic, the compounds must be cyclic, planar, completely conjugated, and have 
Ап + 2 п electrons. 


12 x electrons 


Circled C's are not sp?. does not have 4n + 2 л 
8; not completely conjugated c. electrons 
not aromatic not aromatic 
| г Circled C is not sp?. 12 л electrons 
b; ray) not completely conjugated d. does not have 4n+2 x 
electrons 


not aromatic А 
not aromatic 


15.28 In determining if a heterocycle is aromatic, count a nonbonded electron pair if it makes the ring 
aromatic in calculating 4n + 2. Lone pairs on atoms already part of a multiple bond cannot be 
delocalized in a ring, so they are never counted in determining aromaticity. 
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- (3 — | 


not aromatic 
6 x electrons 


counting a lone pair from O 
41) +2=6 
aromatic 


15.29 


7" Спејед C's are 


6 x electrons, 
counting a lone pair from O 
4(1)+2=6 
aromatic 


not aromatic 


10 x electrons 


ЕТ 
" not 5р2. Е 4(2)+2=10 A Sp hybridized N 
not aromatic aromatic \ А | not completely conjugated 
~ N not aromatic 
+ H2 
Circled C is + 8 л electrons 
b. not sp?. d. к 4(2)-8 
not aromatic antiaromatic 
15.30 
6 x electrons 6 x electrons 
in this ring in this ring 
| / 
2 (2 
A {~ 
A resonance structure can be drawn for A that places a negative charge in the five-membered 
ring and a positive charge in the seven-membered ring. This resonance structure shows that each 
ring has six т electrons, making it aromatic. The molecule possesses a dipole such that the 
seven-membered ring is electron deficient and the five-membered ring is electron rich. 
15.31 Each compound is completely conjugated. A compound with 4n + 2 п electrons is especially 
stable, whereas a compound with 4n т electrons is especially unstable. 
pentalene azulene heptalene 
8 л electrons 10 x electrons 12 x electrons 
4(2)-8 4(2)* 2-10 6(2) = 12 
antiaromatic aromatic antiaromatic 
unstable very stable unstable 
15.32 


NZ N 
:N | N 
К .. sp? hybridized but 
N N = 


\ with lone pair in p orbital 
H 


purine 


a. Each М atom is sp” hybridized. 

b. The three unlabeled М atoms аге sp’ hybridized with 
lone pairs іп one of the sp’ hybrid orbitals. The 
labeled N has its lone pair in a p orbital. 

c. 10 п electrons 

d. Purine is cyclic, planar, completely conjugated, and 
has 10 т electrons [4(2) + 2], so it is aromatic. 
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15.33 
sp? hybridized М 
lone pair in p us 
«Y ШЕР sp? hybridized М 
sp hybridized N NT ^ lone pair in p orbital 
lone pair in sp hybrid orbital N EN \ 
| SEN sp? hybridized N 
N H lone pair in p orbital 
both N's sp? hybridized We 

lone pairs in sp? hybrid orbitals 

15.34 
5 both N's sp? hybridized 
a, b. sp* hybridized N 


lone pairs in sp? hybrid orbitals 
lone pair in p orbital 


SN 


both N's sp? hybridized 
lone pairs in p orbitals 


КУ 


sp? hybridized N 
lone pair in sp? hybrid orbital · 


c. Ibrutinib has 28 өр” hybridized atoms. Circled atoms are өр hybridized and all remaining C's, 
№, and O's are sp’ hybridized. 


15.35 
а. 16 total n electrons 


b. 14 т electrons delocalized in the ring. [Note: Two of the electrons in the 
triple bond are localized between two C's, perpendicular to the т 
electrons delocalized in the ring.] 
c. By having two of the p orbitals of the С-С triple bond co-planar with the 
T p orbitals of all the C=C’s, the total number of т electrons delocalized in 
the ring is 14. 4(3) + 2 = 14, so the ring is aromatic. 


15.36 A second resonance structure сап be drawn for the six-membered ring that gives it three т bonds 
thus making it aromatic with six т electrons. 


6 x electrons 


ж 


Chapter 15-42 
15.37 The rate of ап 5,1 reaction increases with increasing stability of the intermediate carbocation. 


Increasing reactivity 


"У 


с! 
Тһе aromatic carbocation is delocalized over 
the whole ring, making it a very stable 
intermediate and most easily formed in an 541 


reaction. 
4 x electrons 2? carbocation 6 x electrons 
antiaromatic aromatic 
very unstable intermediate very stable intermediate 


Increasing stability 


15.38 


i H-D + Ма“ OH 
ION 
HO —H [ ғ р >- | \ D 
== У MUS 
Two additional resonance 
structures are not drawn. | А D g | Б D 
ME 
H— OH 


15.39 o-Pyrone reacts like benzene because it is aromatic. А second resonance structure сап be drawn 
showing how the ring has six т electrons. Thus, o-pyrone undergoes reactions characteristic of 
aromatic compounds—that is, substitution rather than addition. 


27 2 
- б | Ss Lu | 
Оз O е) о 
о-ругопе 6 x electrons 


15.40 
Е РЕ 


cyclopropenyl radical 


d Ns 
b | c %:----” Si “4 т a and a) (ss = - 2 
| | | | | ) 


pyrrole 


15.41 


15.42 
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о-о ooo o 


phenanthrene 


Naphthalene can be drawn as three resonance structures: 


Eu ,9 „о 
GO» — СБА => — CX 


Іп two of the resonance structures bond (a) is a double bond, and 
bond (b) is a single bond. Therefore, bond (b) has more single 
bond character, making it longer. 


A- 
ЕЕ - 2 - ©) м ҸӘ) T 0 Q: 
i H : | | | 


pyrrole 


Pyrrole is less resonance stabilized than benzene because four 
of the resonance structures have charges, making them less 


ry AN = id ~ са = 
539. 09.9 о 
furan “ 7 Ё 


Furan is less resonance stabilized than pyrrole because its O atom is less basic, so 
it donates electron density less "willingly." Thus, charge-separated resonance 
forms are more minor contributors to the hybrid than the charge-separated 
resonance forms of pyrrole. 


15.43 The compound with the most stable conjugate base is the strongest acid. Draw and compare the 


stability of the conjugate bases. 


Ж < жы ч < [> 


least acidic most acidic 


| | | 
А еее Іі 


antiaromatic resonance-stabilized 6 x electrons, aromatic 
highly destabilized conjugate but not aromatic most stable conjugate base 
base Its acid is most acidic. 
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15.44 


+ NaNH; + NH3 
2 
indene Ма 


3-99-09 -400 «CD - Cp» 
| | 
CO-CR- <p – tb — Ф 


The conjugate base of indene has 10 л electrons, making it aromatic 
and very stable. Therefore, indene is more acidic than many hydrocarbons. 


15.45 
На На 
H — Hp 2 He — He 52 
СНз 
H H 
A B d d 
Нь is most acidic because its Heis least acidic because its 
conjugate base is aromatic (6 x electrons). conjugate base has 8 л electrons, making it 
antiaromatic. 
15.46 
|| \ conjugate base || \ Both pyrrole and the conjugate base of pyrrole have 6 x 
pyrrole is ae electrons in the ring, making them both aromatic. Thus, 
N N deprotonation of pyrrole does not result in a gain of aromaticity 
H because the starting material is aromatic to begin with. 
cyclopentadiene conjugate base Cyclopentadiene is not aromatic, but the conjugate base has 6 x 
electrons and is therefore aromatic. This makes the С-Н bond in 
more acidic --- Б cyclopentadiene more acidic than the М-Н bond in pyrrole, because 
HH H deprotonation of cyclopentadiene forms an aromatic conjugate base. 
15.47 
H H H H 


jo C2 


H H 
А. 
H+ М-Н = м-н = : М-Н 
В == E ж D 
- A ді 
ше or 


Z 


Protonation at C2 forms conjugate acid A because 


pyrrole m = 42 H the positive charge can be delocalized by 
I B H 
B 


resonance. There is no resonance stabilization of 
the positive charge in B. 
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Loss of a proton from A (which is not aromatic) 4 у 
gives two electrons їо М, and forms pyrrole, which + М-Н 
2 М-Н Таз six x electrons that can then delocalize in the = 
five-membered ring, making it aromatic. This 
A makes deprotonation a highly favorable process, рКа = 5.2 
and A more acidic. с 
pK, = 0.4 


15.48 


3 antibonding MOs 2K 
— \ - 2 nonbonding MOs 
NN -- 3 bonding MOs cyclooctatetraene 


cyclooctatetraene and its 8 x electrons 


Both C and its conjugate base pyridine are aromatic. 
Because C has six л electrons, it is already aromatic 
to begin with, so there is less to be gained by 
deprotonation, and C is thus less acidic than A. 


dianion of 


cyclooctatetraene 


b. Even if cyclooctatetraene were flat, it has two unpaired electrons in its HOMOs (nonbonding 


MOs), so it cannot be aromatic. 
c. The dianion has 10 т electrons. 


d. The two additional electrons fill the nonbonding MOs; that is, all the bonding and nonbonding 


MOs are filled with electrons in the dianion. 


e. The dianion is aromatic because its HOMOS are completely filled, and it has no electrons in 


antibonding MOs. 


+ 5 bonding MOs 


cyclononatetraenyl 
radical 


cyclononatetraenyl 
cation 


9 x electrons 
not aromatic 


8 x electrons 
antiaromatic 


15.50 Тһе number of different types of C's = the number of signals. 


3.1 2.2 
4 2 1 351 
1 1 

5 3 3 
4 2 2 


5 different C's all unique 3 different C's 


9 different C's 


/ 4 bonding МО 
ТӨСТЕН 5 , 4antit onding 5 
nw ЖА 5 bonding MOs 
cyclononatetraenyl 

anion 


10 x electrons 
aromatic 


All bonding MOs are filled. 


4 different C's 
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15.51 Draw the three isomers and count the different types of carbons in each 


. Then match the 
structures with the data. 
4 2 Я 
5 3 1 4 4 ] 
5 a 1 1 1 2 
dst s 23432 1 44 
ortho isomer meta isomer para isomer 
5 types of C 6 types of C 4 types of C 
5 lines in spectrum 6 lines in spectrum 4 lines in spectrum 
Spectrum [B] Spectrum [A] Spectrum [C] 
15.52 
а. С.Н, IR absorptions at 3150—2850 (sp° and өр” hybridized C-H), 1600, and 1500 (due to a 
benzene ring) ст" 
'HNMR data: 
Absorption ppm # of H's Explanation 
doublet 1.2 6 6 H's adjacent to 1 H (CHj),CH- 
singlet 259 3 CH, 
septet 3.1 1 ІН adjacent to 6 H's (CH,),CH- 
multiplet 7–7.4 4 a disubstituted benzene ring 
You can't tell from these data where the two groups are on the benzene ring. They are not 
para, because the para arrangement usually gives two sets of distinct peaks (resembling two 
doublets), so there are two possible structures—ortho and meta isomers. 
or 
b. С.Н ;: 


сайа УЫ 


"C NMR signals at 21, 127, and 138 ppm — means three different types of C's. 

'H NMR shows two types of H’s: 9 H’s probably means 3 CH, groups; the other 3 H's are 
very deshielded so they are bonded to a benzene ring. 

Only one possible structure fits: 


c. CH, IR absorptions at 3108-2875 (вр” and өр” hybridized С-Н), 1606, and 1496 (due to a 
benzene ring) ст" 


'H NMR data: 

Absorption ppm #0ЁН’5 Explanation Structure: 
triplet 13 3 3 H's adjacent to 2 H's 

quartet 2.7 2 2 H's adjacent to 3 H's C 2^ 
multiplet 7.3 5 


a monosubstituted benzene ring 
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15.53 
a. Compound A: Molecular formula C,H „О 
IR absorption at 3150-2850 (sp^ and өр” hybridized C-H) cm ' 


'Н NMR data: 

Absorption ppm fof H's Explanation Structure: 
triplet 1.4 3 3 H's adjacent to 2 H's 8 
quartet 3.95 2 2 H's adjacent to 3 H's 

multiplet 6.8—7.3 5 а monosubstituted benzene ring 


b. Compound B: Molecular formula С,Н,О, 
IR absorption at 1669 (C=O) сш" 
Н NMR data: 
Absorption ppm  fofH's Explanation Structure: 


singlet 2:3 3 CH, group О 
singlet 3.8 CH, group 2: X X 
doublet 6.9 2 H's on a benzene ring 

doublet 7.9 2 H's on a benzene ring о 


NN Ww 


It would be hard to distinguish 
these two compounds with the 
given data. 


15.54 


3 equivalent H's 
singlet at ~2.3 ppm 


CH3 2587 3 other H's on benzene ring 
| H H (arrows with *) IR absorptions: 
at ~6.9 ppm 3500-3200 cm"! (O-H) 
3150-2850 ст“! (C-H bonds) 
«= н OH 1621 and 1585 ст“! (benzene ring) 


1H 
Septet at ~3.2 ppm 


6 equivalent H's 
doublet at -1.2 ppm 


Thymol must have this basic structure, given the NMR and IR data 
because it is a trisubstituted benzene ring with one singlet and two 
Y doublets in the NMR at ~6.9 ppm. However, which group [OH, CH,, 
2 or CH(CH,),] corresponds to X, Y, and Z is not readily distinguished 


basic structure of with the given data. The correct structure for thymol is given. 
thymol 
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15.55 
C2 C3 
С, 
ш 
њу, 4 О 1С NMR has four lines that are located іп the aromatic region 
\ (-10-155 ppm), corresponding to the four different types of carbons іп 
/ the aromatic ring of the para isomer. The ortho and meta isomers have 
СНз | | OCH2CH3 six different C's, so six lines would be expected for each of them. 
C2 C3 


15.56 Because tetrahydrofuran has a higher boiling point and is more water soluble, it must be more 
polar and have stronger intermolecular forces than furan. There are two contributing factors. 
One lone pair on furan’s O atom is delocalized on the five-membered ring to make it aromatic. 
This makes it less available for H-bonding with water and other intermolecular interactions. 
Also, the C—O bonds in furan are less polar than the C—O bonds in tetrahydrofuran because of 
hybridization. The sp’ hybridized C's of furan pull a little more electron density toward them 
than do the sp’ hybridized C's of tetrahydrofuran. This counteracts the higher electronegativity 
of O compared to C to a small extent. 


Pime о | = uhi 
P iv. less polar С-О bond 
more polar C-O bond 


delocalized 
15.57 
N 
Nv 

4 b ЕЕ 

N= ZN 

\ 

H 

rizatriptan 

a. Rizatriptan contains three aromatic rings. 


b. The circled N atom is sp’ hybridized. АП other М atoms are either part of a x bond or bonded 
to a x bond, making them өр” hybridized. 

c. The lone pair on the circled М atom occupies an sp’ hybrid orbital. The lone pairs on the 
boxed-in М atoms are in a p orbital. The lone pairs on the unlabeled N atoms occupy an sp’ 


hybrid orbital. 
N ГЕ T 
а # N % 
> | 
\ 


Н 
опе additional resonance structure 
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N + JR 
PERLE LS S 
=, М LN 


ON 


їй e» 
~, \ E 


15.58 


a, b. --- electron pair in an sp? hybridized orbital 


27 = М 
2 Тһе ring system is aromatic with 10 л electrons, 8 
SUN 7 electrons from the double bonds and 2 x 
Ж electrons from the М atom common to both rings. 
О 


zolpidem 


electron pair in a p orbital so it 
can delocalize 


Z~EN = ~N у= CN. 
“LAY V2 7 - 219 Е ЕТ” 


N(CH3)2 


N(CH3)2 N(CHa)2 
№ Е М 
< = "RD, N < >- N 
о [9] [9] 
N(CH3)2 N(CH3)2 N(CH3)2 


N(CH3)2 N(CH3)2 
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15.59 
„Н 


| 
HO OH 


ОСН: curcumin OCHs 


The enol form is more stable because the enol 
double bond makes a highly conjugated system. 
The enol OH can also intramolecularly hydrogen 

bond to the nearby carbonyl O atom. 


~ 
О 


OCH3 OCH3 


The enol O-H proton is more acidic than an alcohol SOS 22 
О-Н proton because the conjugate base is 
resonance stabilized. 
OH 


HO 


OCH3 OCH3 


с. Curcumin is colored because it has many conjugated т electrons, which shift absorption of 
light from the UV to the visible region. 


d. Curcumin is an antioxidant because it contains a phenol. Homolytic cleavage affords a 
resonance-stabilized phenoxy radical, which can inhibit oxidation from occurring, much like 
vitamin E and BHT in Chapter 13. 


e - ХУ - ДУ - ЈГ 
<> <> Tm (* other resonance structures) 
ʻO О О о 


phenoxy radical 
Resonance delocalizes the radical on the ring and C chain of curcumin. 


15.60 
a. Pyrazole rings are aromatic because they have six п electrons—two from the lone pair on the 
N atom that is not part of the double bond and four from the double bonds. 
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d. The N atom in the NH bond in the pyrazole ring is sp^ hybridized with 33% s-character, 
increasing the acidity of the М-Н bond. The М-Н bond of CH,NH, contains an sp’ hybridized 
М atom (25% s-character) 


15.61 Both A and B are cyclic, and if the lone pair of electrons on N is in a p orbital, they are 
completely conjugated with 10 « electrons, a number that satisfies Hückel's rule. To be 
aromatic, А and B must be planar, and the internal bond angles of А and B would be much larger 
than 120°, the theoretical bond angle of өр” hybridized C's. The fact that А is aromatic means 
that the lone pair on N occupies a p orbital, so it can delocalize onto the nine-membered ring. 
The stabilization gained by being aromatic is greater than any angle strain. With B, the lone pair 
on N is also delocalized onto the С-О, making it less available for donation to the ring, so the 
ring is not aromatic. 


Cu = (io: us 20: 
/ : NH / {М d / *N =| 
OCH2CH; > OCH2CH3 
хи X A ШР 


2 electrons in a p orbital Electron pair is less available, so the 


B ring is not aromatic. 


10 x electrons 
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15.62 


15.63 


15.64 


a. Loss of the most acidic proton forms the most stable conjugate base. When a conjugate base 
is both resonance stabilized and aromatic, it is especially stable. 


C | 
4g — DA, Ды D UR 
CL ig p? | 7 
А most 1 2 3 | 4 
Ре о Ба 
: Ux 


acidic H 
The boxed-in H is the most acidic because the conjugate base has six resonance structures, five 
of which (2-6) have an aromatic five-membered ring with six « electrons. 


b. A is more acidic than B, because loss of a proton in B generates a resonance-stabilized 
conjugate base, but it is not aromatic. 


4. ^ EN ^P ^p 5? 2 . 
= = и | 


Мо resonance structure has 6 л electrons іп the ring. 


With 14 т electrons in the double bonds, the system is aromatic [4(3) + 2 = 14 т electrons]. The 
ring current generated by the circulating т electrons deshields the protons on ће C=C’s, so they 
absorb downfield (8.14—8.67 ppm). The CH, groups, however, are very shielded because they lie 
above and below the plane, so they absorb far upfield (-4.25 ppm). The dianion of C now has 

16 x electrons, making it antiaromatic, so the position of the absorptions reverses. The С=С 
protons are now shielded (-3 ppm), and the CH, protons are now deshielded (21 ppm). 


—4.75 ppm ~ 21 ppm "quo 
c am HO 
с dianion 


A second resonance structure for A shows that the ring is completely conjugated and has six т 
electrons, making it aromatic and especially stable. A similar charge-separated resonance 
structure for B makes the ring completely conjugated, but gives the ring four « electrons, making 
it antiaromatic and especially unstable. 
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C О Oo C о о” 
А 6 л electrons в 4 x electrons 
aromatic 


antiaromatic 
not stable 


stable 
15.65 Тһе conversion of carvone to carvacrol involves acid-catalyzed isomerization of two double 
bonds and tautomerization of a ketone to an enol tautomer. In this case the enol form is part of 
an aromatic phenol. Each isomerization of a С--С involves Markovnikov addition of a proton, 
followed by deprotonation. 


(R)-carvone 


15.66 Resonance structures for triphenylene: 


E 
e? 
v 


ХЕХ Г. ee 
SAN A~ A 
rl) - (2 


Resonance structures A-H all keep three double and three single bonds in the three six- 
membered rings on the periphery of the molecule. This means that each ring behaves like an 
isolated benzene ring undergoing substitution rather than addition because the т electron density 
is delocalized within each six-membered ring. Only resonance structure I does not have this 
form. Each C-C bond of triphenylene has four (or five) resonance structures in which it is a 
single bond and four (or five) resonance structures in which it is a double bond. 
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15.67 


Resonance structures for phenanthrene: 


оо оф об о < 


With phenanthrene, however, four of the five resonance structures keep a double bond at the 
labeled C's. (Only С does not.) This means that these two C's have more double bond character 


than other C-C bonds in phenanthrene, making them more susceptible to addition rather than 
substitution. 


Y 
es " (Го: 10: :0: 
Обе —Qee О-О ОН 
3 4 | H JW L H 


113 ppm | 130 ppm | 
The negative charge and increased The positive charge and decreased 
electron density make the carbon more electron density make the carbon 
shielded and shift the absorption upfield. deshielded and shift the absorption 
downfield. 
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Chapter 16 Reactions of Aromatic Compounds 
Chapter Review 


Mechanism of electrophilic aromatic substitution (16.2) 

e  Electrophilic aromatic substitution follows а two-step mechanism. Reaction of the aromatic ring 
with an electrophile forms a carbocation, and loss of a proton regenerates the aromatic ring. 
The first step is rate-determining. 
The intermediate carbocation is stabilized by resonance; a minimum of three resonance structures 
can be drawn. The positive charge is always located ortho or para to the new С-Е bond. 


H H H 
li Е Е 2 JE E ( f E 
(*) ortho to E (*) para to E (*) ortho to E 


Three rules describing the reactivity and directing effects of common substituents (16.7—16.9) 
[1] АП ortho, para directors except the halogens activate the benzene ring. 

[2] АП meta directors deactivate the benzene ring. 

[3] The halogens deactivate the benzene ring. 


Summary of substituent effects in electrophilic aromatic substitution (16.6—16.9) 


Substituent Inductive effect Rs ui Reactivity Directing effect 
H 
[1] donating none activating ortho, para 
R - alkyl 
[2] e withdrawing donating activating ortho, para 
Z=NorO 
[3] & - withdrawing donating deactivating ortho, para 
X - halogen 
[4] © withdrawing withdrawing deactivating meta 
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Five examples of electrophilic aromatic substitution 
[1] Halogenation—Replacement of Н by Cl or Br (16.3) 


e  Polyhalogenation occurs on 
benzene rings substituted by 

aryl chloride aryl bromide OH and NH, (and related 

substituents) (16.10A). 


nitro compound 


benzenesulfonic 
acid 


Rearrangements can occur. 
Vinyl halides and aryl halides are unreactive. 
The reaction does not occur on benzene rings 


alkyl benzene . А А 
(arene) substituted by meta deactivating groups or NH, 


groups (16.10B). 
e Polyalkylation can occur. 


Variations: 


H R 
ROH 
[1] with alcohols 
H3SO4 
H p 
[2] with alkenes Z `R 
H2SO, 
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[5] Friedel-Crafts acylation—Replacement of H by RCO (16.5) 


о 


H СС Е e The reaction does not occur оп benzene rings 
CY АСВ substituted by meta deactivating groups or NH, 
groups (16.10B). 


ketone 


Nucleophilic aromatic substitution (16.13) 
[1] Nucleophilic substitution by an addition-elimination mechanism 


e The mechanism has two steps. 


‘Nu e Strong electron-withdrawing groups at the 
& PY ^ ср ortho or para position are required. 


А S e Increasing the number of electron-withdrawing 
Х=Е, Cl, Br, I groups increases the rate. 
о АДЕ e Increasing the electronegativity of the halogen 


increases the rate. 


[2] Nucleophilic substitution by an elimination-addition mechanism 


(C) 1m C 2^ e Reaction conditions are harsh. 
u 5 2 . 
e  Benzyne is formed as an intermediate. 


X - halogen e Product mixtures may result. 


Other reactions of benzene derivatives 
[1] Benzylic halogenation (16.14) 


Bro 


R hv or A 
or 
NBS 


hv or ROOR 


ө A benzylic C-H bond is needed for reaction. 


benzoic acid 
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[3] Reduction of ketones to alkyl benzenes (16.15В) 


О 


R Zn(Hg), HCI 
or 


МН>МНЬ>, "ОН 


on 


alkyl benzene 


[4] Reduction of nitro groups to amino groups (16.15C) 


aniline 


Practice Test on Chapter Review 


1.a. Which of the following statements is true about an ethoxy substituent (-OCH,CH,) оп a benzene 


ring? 

1. OCH,CH, increases the rates of both electrophilic substitution and nucleophilic substitution. 

2. OCH,CH, decreases the rates of both electrophilic substitution and nucleophilic substitution. 

3. OCH,CH, increases the rate of electrophilic substitution and decreases the rate of nucleophilic 
substitution. 

4. OCH,CH, decreases the rate of electrophilic substitution and increases the rate of nucleophilic 
substitution. 

5. None of these statements is true. 


b. Which of the following statements is true about a -CO,CH, group оп a benzene ring? 

1. CO,CH, increases the rates of both electrophilic substitution and nucleophilic substitution. 

2. CO,CH, decreases the rates of both electrophilic substitution and nucleophilic substitution. 

3. CO,CH, increases the rate of electrophilic substitution and decreases the rate of nucleophilic 
substitution. 

4. CO,CH, decreases the rate of electrophilic substitution and increases the rate of nucleophilic 
substitution. 

5. None of these statements is true. 
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c. Which of the following is not a valid resonance structure for the carbocation that results from ortho 
attack of an electrophile on C,H,C(CH,)=CH,? 


E E E 
E E 
2. Draw the organic products formed in the following o 


ЕЕ: 11 CH3CH2CH2COCI, АСВ осін 
2] Zn(Hg), НСІ H2504 


= HNO3 Fe 
b. N / CN - > __Вг (Теди) __ (1 equiv) 
H2SO4 НСІ ЕеВгз 
KMnO, RT NaOCH2CH3 
9. ON N # СІ - 


HNO3 H2 


d. CH30 ESO 
í ? V / Н,504 Ра-с {уе 


3. (а) Considering the compound drawn below, which ring is most reactive in electrophilic aromatic 
substitution? (b) Which ring is “Te least i in electrophilic aromatic substitution? 


те ~ = 


4. Classify each substituent as [1] ortho, para activating, [2] ortho, para deactivating, ог [3] meta 
deactivating. 


a. -Br с. -COOH e. -N(CH,),COCH, 
b. -CH,CH,CH,Br d. -NHCOCH,CH, f. -CCI1, 


5. What reagents are needed to convert toluene (C,H,CH,) to each compound? 
a. СН,СООН 


c. p-bromotoluene e. p-ethyltoluene 
b. C,H;CH,Br 


d. o-nitrotoluene f. 


БАТА 
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Answers to Practice Test 


аса 2. C ) C ) oen 3.а. А 
b. 4 b.C 


[0] 


с. 4 à ( ) / Br SO3H 
о 4.a. 2 
я N b. 1 
Br с. 3 
> d. 1 
Нм о Вг е.1 
f.3 
b. CN È 
/— 5.а. KMnO, 


ee g. O2N o b. Br,, hv 
у X c. Вг,, FeBr, 
Ша d. HNO,, H,SO, 
Hon | <p e. CH,CH.Cl, AICI, 
а gc Коон f. CH,CH,COCI, AICI, 


Answers to Problems 


16.1 The тп electrons of benzene are delocalized over the six atoms of the ring, increasing benzene’ s 
stability and making them less available for electron donation. With an alkene, the two т 
electrons are localized between the two C's, making them more nucleophilic and thus more 
reactive with an electrophile than the delocalized electrons in benzene. 


A и Е ж Е 
ез (El ome EN 


16.2 


Reactions of Aromatic Compounds 16-7 


16.3 Reaction with СІ, and FeCl, as the catalyst occurs in two parts. First is the formation of an 
electrophile, followed by a two-step substitution reaction. 


Б 
:СТ— СЕ + FeCl >-ж :C| — CI — FeCls 


Lewis base Lewis acid electrophile 


H H H H 
+ 
жы ES СІ СІ СІ = 
i Ша ізді rec E Er D СТ | ES 


resonance-stabilized carbocation 


MOX а 
[3] [p —€— CY + НСІ + Ғесі 


16.4 There are two parts in the mechanism. The first part is formation of an electrophile. The second 
part is a two-step substitution reaction. 


Ш 22S fe «  HzOSOH — "m = [озн] + нѕо;- 
07 YO: :0 7 *^O0—H 
У electrophile 
H H H H 
R R R R 
ЖТТ resonance-stabilized carbocation 
Н504 


Н 
S О-Н SO3H 
i Н,504 
R R 
B 


16.5  Friedel-Crafts alkylation results in the transfer of an alkyl group from a halogen to a benzene 
ring. In Friedel-Crafts acylation an acyl group is transferred from a halogen to a benzene ring. 


O O ы 


О 
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16.6 Ап acyl group is transferred from a Cl atom to a benzene ring. To draw the acid chloride, 
substitute a СІ for the benzene ring. 


О О О О 


16.7 


Е 


20 он E OH „0 он 
а. EET с ч > 
Са | 
“о ` 


resonance-stabilized acylium ion 


о: DEOS 


их УДА 27 
b. CI LT 
CI CI CI 


ағалы a a ыы ы” 


О СІ 


+О 


О: 
+ 


16.8 To be reactive in а Friedel-Crafts alkylation reaction, the X must be bonded to an sp’ hybridized 


carbon atom. 
Br 


Br 
Br Br 
a. RN 2 b. | с. ы 2 а. | 
5р sp? ҮР sp? 


unreactive reactive unreactive reactive 


16.9 The product has an *unexpected" carbon skeleton, so rearrangement must have occurred. 


Pe АСВ £ AICI 1,2-H shift | 
0 TS = e а —— Шш 
H | 
Rearrangement + AICI” 
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16.10 Both alkenes and alcohols can form carbocations for Friedel-Crafts alkylation reactions 


оО = 0-0 Oo om O^ 
OA c Oo «0.07 оО 
2 5) 


H3SO4 


16.11 
D Oo 0) 
Cl А СІ 
А га = aS ClAI—Cl: a A AS "Wo № 
жы N E - 
С) К б: 
[2] с C ) 2 E о с-4 / -О 
СІ +\ СІ СІ СІ 
О 


ca M 2. Lo OZ AC == ( / 


CI о + НСІ + AICI 
V 2 / | 


СІ 


16.12 In parts (b) and (c), а 1,2-shift occurs to afford a rearrangement product. 


a ee 
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16.13 
а. Eod cL Dd E жетеле; xu db T 


[* 7 resonance structures] 


16.14 
a.  — СН>СН>СН>СНЗ b. —Br с. —OCH5CHs 
alkyl group halide electronegative O 
electron donating electron withdrawing electron withdrawing 


16.15 Electron-donating groups place a negative charge in the benzene ring. Draw the resonance 
structures to show how -ОСН, puts a negative charge in the ring. Electron-withdrawing groups 
place a positive charge in the benzene ring. Draw the resonance structures to show how 


—COCH, puts a positive charge in the ring. 


A Ce. УА 265, із, eR 
ооо еј 
:0:> :6: TH TH 
ae a она; 
ГО: :0: | :0: 
Te 
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16.16 То classify each substituent, look at the atom bonded directly to the benzene ring. АП R groups 
and 2 groups (except halogens) are electron donating. All groups with a positive charge, 6+, or 
halogens are electron withdrawing. 


OCH; I 
i O à T = 


lone pair on O halogen R group 
electron donating electron withdrawing electron donating 


16.17 Electron-donating groups make the compound react faster than benzene in electrophilic 
aromatic substitution. Electron-withdrawing groups make the compound react more slowly 
than benzene in electrophilic aromatic substitution. 

СІ 
Ё Ж 
4 
СІ 
МО; 
" 


| 


О О 
O3N CI 
a. I пне d. 


electron withdrawing halogen 
reacts slower electron withdrawing 
reacts slower 


CN O2N CN LY 
electron withdrawing e 
reacts slower ` =: 


R group 


он он 
© ӨН electron donating 
| == + reacts faster Jom 
№2 ON 
2 ОМ 


lone pairs on O 
electron donating 
reacts faster 


16.18 
n е" NH2 
H 
А М 
+ б+ 
à ie \ | 
electron-donating 
R group ка 
; А e'ectron- C with a à* 
electron-withdrawing more electron rich, donating М i i 
, electron-withdrawin 
group that bears ò+ more reactive with а lone 3 
pair 
16.19 


a, b. Look at each substituent individually and classify it as electron donating or withdrawing. 
The most reactive ring has electron-donor groups (D), and the least reactive ring has 
electron-withdrawing groups (W). 
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least reactive ring—one electron- D 
withdrawing group group D 
group 


ЈЕ И Е 


WwW Ww D D 
group group group group 


most reactive ring—two donor groups, one 
of which is ОСН, a strong electron donor 


16.20 Electron-donating groups make the compound more reactive than benzene in electrophilic 
aromatic substitution. Electron-withdrawing groups make the compound /ess reactive than 


benzene in electrophilic aromatic substitution. 


a. b. б. а. 
OH 


C with 2 electronegative O's electron withdrawing 
electron withdrawing less reactive 
less reactive 


two OH's 
electron donating 
more reactive 


R group 
electron donating 
more reactive 


16.21 Chlorine inductively withdraws electron density, which decreases the rate of electrophilic 
aromatic substitution. The closer the СІ is to the ring, the larger the effect it has. The larger the 
number of Cl’s, the larger the effect. 

СІ 
" x e 


intermediate most reactive 


least reactive 
reactivity 


Especially stable resonance structures have all atoms with an octet. Carbocations with additional 


16.22 
electron donor R groups are also more stable structures. Especially unstable resonance structures 


have adjacent like charges. 


+ + 
еі н о” B H 
NO? 4 NO? 


a. 
+ 
NO; + МО» 
especially stable with additional R group 
stabilized carbocation 
OH OH + OH t£, OH OH 
b. дФМЫ— > ње 
алы H H H H 
+ + МО» МО» МО» МО; 


especially stable 


МО» 
АП atoms have an octet. 
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dic Macer 


+ МО; 


especially unstable 
2 adjacent (*) charges 


16.23 Polyhalogenation occurs with highly activated benzene rings containing OH, МН,, and related 
groups with a еи 


Бамби б S66 афт 


16.24 Friedel-Crafts reactions do not occur with strongly deactivating substituents including NO,, or 
with NH,, NR,, or NHR groups. 


CH3Cl 5 
а. TEA 3 no reaction а 2 CH3Cl no Friedel-Crafts 
АСВ 


reaction 
| N 


AICl3 
strongly deactivating 


| 
Е а CH3Cl == ded ЕЕ М 
| \ 7 \ бай, сњо Y 
АІСіз 
АСВ 9) 
СІ і5 ап о,р + 
director. н 
na 
Jon 


16.25 To draw the product of a reaction with these disubstituted benzene derivatives and HNO,, H,SO,, 
remember the following: 


e If the two directing effects reinforce each other, the new substituent will be on the position 
reinforced by both. 


e Ifthe directing effects oppose each other, the stronger activator wins. 
e No substitution occurs between two meta substituents. 


ор 4^ Фр (strong) 
| NO; 7% ^o в» 
О о 
HNO3 Br HNO3 ОМ Вг Вг 
à О [9] b | ——- + 
ied X. оно, —О \ Е H5SO4 
| opposing effects МО» 
meta stronger OCHs wins out 


Chapter 16-14 


о,р 
о,р | 
' CI СІ СІ 
ОМ 
МО; HNO3 O3N МО; МО» HNO3 
а о ü AT : 
H5SO4 + Br H5SO4 Br Br 
meta | 
NO; 
МО; P 


16.26 
OH 


СІ он он 
© 5Оз, H2SO4 CL Clo, Ғесіз { С CHSC, АСВ Вг, Вг 
а. —— С сє — — MET = C. = Ээ 
| SO3H SO3H 


Put meta director on first. 


: CICOCH3 О қо, Њ50, p 
| АСВ 
N 


(+ ortho isomer) Br goes ortho to 
the stronger activator. 


О; 
16.27 
ОМ ОМ 
у маосњ ^? О он О 
а. b. F HO 
СІ осн; 
NO; NO; 
16.28 
N(CH3)2 М(СНз)> 
N(CH3)2 N(CH3)2 
F3C F3C 

H-O GCL A. 

S uA 9 

7, ОС(СНајз CF3 (+ 2 additional ка 

U У resonance structures) 

16.29 


А OH 


= KNH> 
с! - NH 
c ( / NH3 ж. 


NH2 
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16.30 

KNH5 Е ( - 

me UE ы. и 
МНз / = 
а Two different benzynes аге possible. 
-< — NH2 + --< ) Е = ) 
МН> НМ 
Ortho, meta, апа para products аге formed. 

16.31 


B r2 
hv 


(* para isomer) 


onm NaOH cr 
Е Bro K*-OC(CHa)3 >< mCPBA 
hv 
oe [1] ВНЗ OH 
[2] H202, НО” 
(from c.) 


16.32 First use an acylation reaction, and then reduce the carbonyl group to form the alkyl benzenes. 


о О 
Жын ше Zn(Hg) * НСІ И Сү 


АСВ 


о 
о 
с! Zn(Hg) % НСІ 
АСВ 
ду О n 
© > JE 2 LO С 
О 


Вг Вг 
Br Kt -OC(CH3)3 < 
РеВгз 
Вг Вг 
Вг OH 
Br о 


16.33 


AICl3 НСІ АСВ 
p-isobutylacetophenone 
(* ortho isomer) 
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e 


16.34 
CO5H 
CH3Cl KMnO, 2 
a. 
АСВ 
CH3Cl KMnO, CO2H 
b. 
АСБ ЕеВгз 
О (+ рага dee 
Zn(H 
А а! AN о n(Hg) 
| АСВ Ғесіҙ 
ICA 
d. © CI n(Hg) 
АСВ FeBr3 Br 
(+ ortho isomer) 
CH3)3CCl 
(СНз)з CH3Cl KMnO, 
e АСВ АС pg 
(* ortho isomer) О 
16.35 
CH3CH2Cl (== сі; = Br? = KOCICH) = 
a. - Cl > Cl Cl 
АСЬ \/ FeCl; \ 2 ћу ыы м, V / 
(* ortho isomer) 
МО; NH 
снас! ч КИ HNO3 KMnO, LY on 
E 7 но.” HOOC НСІ ноос 
(+ ortho isomer) 
16.36 
о 2 9 
А CICH5CHs СІ А 503 
АІСіз AICl3 H2SO4 
HO3S 
(+ ortho isomer) 
Br = — ор director О Br 
о | director Ж 
СІ Вг; Zn(Hg) 
АСВ FeBrs 
Both are o,p directors, but they are meta to each other. The О О 


alkyl group must be obtained by reduction of a carbonyl. 
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EN mui nM Bro K* -ОС(СН-)з 
rec”. AICl3 © һу 


(+ ortho isomer) 


Е ] BHs 
252 -OH 


Br 
a. ВН а О О 
DUE = Y А yd 
FeBr3 
Br 
CHO CHO 


16.37 


CHO 
A 
мо; 
b. HNO3 NN Te id 
ЖЕК PUNTI “ыл Д 
H2504 | 
t ON 
CHO CHO 
ONN 
c. CH3CH2COCI EN 9) О 
А, А 
Alea | Ж T ul Т 
CHO О CHO 


== О 

H а. Bro 

Br N 2 М С >- Вг e 
FeBr3 

b. HNO3 G 
ff Br -4 

H5SO4 

== О 


c. СНзЗСН»СОС! H 
B N ( 


АСЬ Ё ДЕ = 


16.38 Intramolecular Friedel-Crafts acylation occurs on the more activated aromatic ring. 
Mm ОСН: 


E rovs Nes 


CH3O groups activate this ring. 
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16.39 OH is an ortho, para director. 


OH OH OH OH 
йр: мо; à мн; 
а. + + 
H2504 HCI 
о NO? 
OH OH O OH 
с! 
" Pad Я AGON 
АСВ НСІ 
о 
он он он OH Br 


он он он OH о 
: pis К KMnO4 OH 
| АСВ 


16.40 


No reaction 


N Jis Ld 
А 
b. or СІ No Friedel-Crafts reaction 


OH 


NH2 


OH 


Y 
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16.41 


o 
I 
о 
2 
О 
тт 
|? 
919 
[9] 
N 
2 
2 
[9] 
N 
I + 
о 
2 2 
[9] О 
N ~ 


О О 
pol d Y 
. Оз. IDE = [9] 
СІ АСЗ сі 
О О О 
Вг 
H Bro H H 
ее. + 
2 ЕеВгз 
Вг 
О О 
С! 
Xe Cl; d gw 
d. и TELE 
FeCl; 
So So 
Br О 
ч SO; Br o Br OL 
е. ч 
H3SO4 
SO3H HO3S 
= Na RETO = 
ШЕТ аны 5 
МО; 


МО; 


16.42 Watch ош for rearrangements. 


an d ООО 26 қ CY 


CI 


2? carbocation | rearrangement | rearrangement 


ge ig 
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16.43 
(CH3)3CCl 
a. + 
АСБ 
|кмпо, | KMnO4 
[9] 
О 
НО 
НО 
Вг 
b (X Вг; KOC(CH3)s SS 
hv 
СІ (* cis isomer) 
[1] С, FeClg 
с. 
[2] Zn(Hg), НС! 
О 
NO2 NO2 NH2 
CH3NH2 Н (excess) 
d O2N СІ O2N NHCH3 ^ —.—. * HN NHCH3 
Pd-C 
NO2 NO2 NH2 
16.44 
C bonded to 2 H's 
must use acylation 
followed by reduction. 
| О О 
: Б СІ - Zn(Hg) С 
АСВ на 
C bonded to 1H 
can be added directly 
by alkylation. 
СІ: | 
5. АСВ 
[9] [9] 
СІ А Zn(Hg) onm CH3CH3CI 
c. 
| АСЗ на АСЗ 
Method [1] Method [2] 


Ethyl group can be introduced 
by two methods. 
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bus nba Қасай 


НО 
16.46 
О 
| 
О АСВ |с 27 9 
pe О N О 
Add this portion by NS Y 
Friedel-Crafts acylation Маон О 
with an acid chloride. N 
СІ О 
M- CI dE C 
О HO 
- O 
Add this portion Бу 542 
reaction with a nitrogen 
nucleophile. 
N- б IN. 
М atom displaces Cl in 542. 
Eo 
16.47 
HO. : 
Е | 
М ~ 
Е H 


О A second resonance structure can be drawn for 
the C ring, showing that it has six x electrons. 


ко 
в | 


ge 
1 
Rings A апа B contain 10 x electrons, 


eight from the double bonds and two 
from O, making this ring system aromatic. 


№ 


an 
+ 


:0: 


6 x electrons 
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16.48 


Path [2] 
nucleophilic aromatic substitution 


16.49 Use the directions from Answer 16.20 to rank the compounds. 


CHO CI OCH3 
least reactive 


intermediate intermediate most reactive 


reactivity reactivity 
16.50 
Br C=N 
To #0 
a. withdraw a. withdraw 
b. donate b. withdraw 
c. less c. less 
d. deactivate d. deactivate 
16.51 


more electron-rich ring 


О 
CH2NH CH NH 
NH; 2 2 3 2 
b. « « < 


least reactive intermediate intermediate most reactive 


reactivity reactivity 
о 
«СУ Y 
О 
а. withdraw 
b. donate 
c. more 
d. activate 


«d dock 


Both rings are substituted by two electron-donor groups—an O atom with lone pairs and an alkyl 
group—but Фе О atom of the ether on the A ring is a stronger electron donor than the О atom of 
ester in the B ring. The О atom of the ester also has its lone pair delocalized on the С=О, so it is 
less available for electron donation to the benzene ring. 
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Thus, А is more electron rich and electrophilic aromatic substitution occurs on the А ring. 


Both the C and D rings are bonded to N atoms with lone pairs, but the D ring is more electron 
rich. The N atom on the C ring has its lone pair delocalized on the other N in the six membered 
ring, so it is less available for donation to the benzene ring. 


а 


p cu 


As a result, electrophilic aromatic substitution occurs on the D ring to afford a mixture of ortho 
and para products. 


C 


16.52 
NH2 O 
H H 
N N 
m Ono 
NH О 
с. Н Н 2 NH2 О 
М М Н Н 
М М 
7 
CI [9] 
B CI О 
r Br 
16.53 
electron 
ON «—— withdrawing ON 
+ 
c. N(CH3)3 N(CH3)s 
| Е 
less electron rich 
more i rich due to (+) charge on N and electron- 
due to N atom withdrawing МО; group 
faster slower 
Е Е 
+ + 
b. NH(CH3; ^  - NH(CH3)2 d. ОМ O3N N 
} 
less electron rich electron electron donating 


due to (*) charge on N 
slower 


withdrawing 


Effects cancel out. 
similar in reactivity to benzene 
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16.54 Electrophilic addition of HBr proceeds by the more stable carbocation. 


OCH3 Gace OCH; 
S Ж JO 
ON В 3 H—Br ON ` 


M 
especially stable resonance structure 
having all atoms with an octet 
Br. [* 4 additional resonance structures] 


JOY 
O3N 


major product 


When the (+) charge is benzylic to the benzene ring with the OCH, group, additional resonance 
stabilization is present, so this pathway is preferred. Such stabilization does not result when the 
(+) charge is benzylic to the benzene ring with the NO, group. 


З Е* саис dus 
5-50) сар у 5-90) 


огіһо, рага Ortho and para products аге isolated. 
director 


16.55 


With ortho and para attack there is additional resonance stabilization that delocalizes the positive 
charge onto the nitroso group. Such additional stabilization is not possible with meta attack. 
This makes -ХО an ortho, para director. Since the N atom bears a partial (--) charge (because it 
is bonded to a more electronegative О atom), the -NO group inductively withdraws electron 
density, thus deactivating the benzene ring toward electrophilic attack. In this way, the -NO 
group resembles the halogens. Thus, the electron-donating resonance effect makes -ХО an о,р 
director, but the electron-withdrawing inductive effect makes it a deactivator. 


Ortho attack: 


E H E H E H E H 


H 
+ 
ait) Ер s TE 
* 

especially stable 


H HE HE HE 


x 
У E TN 
а GUT 
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Para attack: 


especially stable 


OCH4CH3 


alkyl group on the benzene ring 
R stabilizes (+) charges on the o,p positions by an electron- 
donating inductive effect. This group behaves like any other R 
group, so that ortho and para products are formed in electrophilic 
aromatic substitution. 


: Ors :0: 
a 
SS OCH;CH. «+ A ~ OCH CHs 


(+) charge on atom bonded to the benzene ring 
Drawing resonance structures in electrophilic aromatic substitution results in especially 
unstable structures for attack at the 0,p positions—two (+) charges on adjacent atoms. 
This doesn't happen with meta attack, so meta attack is preferred. This is identical to 
the situation observed with all meta directors. 


16.57 Increasing the number of electron-withdrawing groups (especially at the ortho and para positions 
to the leaving group) increases the rate of nucleophilic aromatic substitution. Increasing the 
electronegativity of the halogen increases the rate. 


(Qe Qe «© 
O3N 


chlorobenzene m-fluoronitro- p-fluoronitro- 
least reactive benzene benzene 
most reactive 


ON 
ON ON 


МО» 
1-fluoro-3,5-dinitro- 1-fluoro-3,4- 1-fluoro-2,4-dinitro- 
benzene dinitrobenzene benzene 
least reactive most reactive 
с. СІ ae a F O2N F 
NO2 МО» NO2 
4-chloro-3-nitro- 4-fluoro-3- 1-fluoro-2,4-dinitro- 
toluene nitrotoluene benzene 
least reactive most reactive 
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16.58 
(^ 
ЕКЕ OCH; OCH3 OCH3 
+ 
E oe 1 Gs б 
» О. С CIN 
OCH3 » OCH3 
HSO4- HSO4 
| OCH3 
H2SO, + 
16.59 
£o ON 
: OH Н-О5Оҙн Он» 
а " 
CH30 CH30 CH30 à 
bond cs + њо 
+  HSO4* 


1,2-СНз shift 


Reactions of Aromatic Compounds 16-27 


16.60 The mechanism is drawn with the general acid HA. 


oe 


pr. dg 
CI 
А: СІ i 
ЕЕ (+ 5 гезопапсе СІ СІ 
structures) 
O 
o= 
К НО 
+ 
СІ 


СІ + А: СІ 
acylium ion 
(+ 1 resonance structure 


) 
о о 
+ H20 
Ж 
СІ СІ 
B с 


СІ | 
(+ 2 resonance structures) 


16.61 


a. The product has one stereogenic 


< — stereogenic center 
center. 


b. The mechanism for Friedel-Crafts alkylation with this 2? halide involves formation of a trigonal 
planar carbocation. Because the carbocation is achiral, it reacts with benzene with equal 
probability from two possible directions (above and below) to afford an optically inactive, 
racemic mixture of two products. 


> 2 
xd N ue c" ACh H O 


(R)-2-chlorobutane trigonal planar 
achiral carbocation 


racemic mixture 
optically inactive 
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16.62 


B „А 


© Б ж ЙА; 
-N- n 

— > d тт? За ЕРЕ 
2BF4 


Eo 
Е 


source of F* F 
/ & 


4. + HBF, 


16.63 The reaction follows the two-step addition—elimination mechanism for nucleophilic aromatic 
substitution. 


< 222% X 2; -ZN ЖОҒЫ 
(em Се тн, er a O 

и m. " О < 9 

NJ © мда № са N са 


2-chloropyridine 


| 
A + Cr 


N^ ` OCH; 


Resonance structure A is stabilized because the negative charge is located on an electronegative 
N. This makes nucleophilic aromatic substitution on 2-chloropyridine faster than a similar 
reaction with chlorobenzene, which has no N atom to stabilize the intermediate negative charge. 


16.64 


E 
E 
Et 
ш=л== дз + 
в 


А 
This product is formed. This product is not formed. 


H E H E H E 


POR 0 o 
%% 


Z 


Y 
Attack to form A proceeds via a carbocation 


H E 
И + 
for which 7 resonance structures сап ре 
drawn. Four resonance structures contain an SRM === 
intact benzene ring. 


E 


> 
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E E E 
eee: 2) H + H H 
x 


Attack to form B proceeds via a E | 
carbocation for which 6 resonance 


H 
structures can be drawn. Only two 
resonance structures contain an intact | В ——— —— 
benzene ring. 


A reaction that occurs by way of the more stable carbocation is preferred, so product A is formed. 


16.65 

А 

А 
| 


SO3H 


H 


H 
aes “OSO3H 


:OH :ОН, 
н + А Е | 
О: HSO,7 
< ик — + HSO,7 
HO нон но но 


[* 3 resonance structures] 
+ HSO% 
* 
HO OH HO OH 
[+ 5 resonance + H20 
+ H3SO4 [+ 3 resonance structures] structures] 


16.66 Benzyl bromide forms a resonance-stabilized intermediate that allows it to react rapidly under 
5,1 conditions. 


Formation of a resonance-stabilized carbocation: 


iux бао Ғад ин C—O 


benzyl bromide | 


resonance-stabilized carbocation 


* CH30H he benzyl methyl ether 


electron-withdrawing group 
destabilizing 
slower reaction 


electron-donor group 
stabilizing 
faster reaction 
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Тһе electron-withdrawing NO, group will destabilize the carbocation, so the benzylic halide will be less 
reactive, whereas the electron-donating OCH, group will stabilize the carbocation, so the benzylic 
halide will be more reactive. 


16.67 
Br 

(CH3)2CHCI тоз НМОЗ сы Нов Вг; 22. K* -OC(CHə) СС 

а ісе АСВ H2SO, FeCl; 
NO> СІ NO; 
(* para isomer) (* isomer) 
СНзС! HNO3 Кг 
: O АС» Жу АСЬ H2504 a. Br 
(+ ortho isomer) мо; 


E -oH ЖЕ ман EN | 


ЕБ ud МН2МН> 
о 
ТОН 
NO2 
О 
NH2NH2 HNO3 
МС FeBr H2504 


(+ isomer) 


H2 
Pd-C 


Кеа 
NH 


2 


оса Br, Br 
AIC — Ha a о; / ( ; Я FeCl3 / 47% | LM 47% 


(+ ortho isomer) 


к -OC(CH3)s 


NH2NH> 


СІ СІ 
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о 


CHsCI E Br; Hh 
e. T ces 
АСВ ас FeBr3 


(+ ortho isomer) 


Bro 
о о Һу 
Вг Б о nN Вг 
O 
мт | ман 
HO. — A Вг 
о О 
ON 
„а HNO; = 
АС АС H2504 
(+ ortho isomer) Br2 
hv 
о О 
ОМ ОМ " O3N 
[1] OsO, К OC(CHg)s 
HO [2] NaHSO,, ЊО = 
OH Br 
16.68 
ИО и Br2 Br ç ОН OH 
FeBr _ hv 
3 АСЗ бе Br Br 
| ortho isomer) [e] [e] 
ОМ 
ју pu HNO3 NH2NH2 Ра 
H2SO4 -OH 
АСВ H 
(* ortho isomer) 2 
Pd-C 


C 2- ыб сь = Brz Ы 
| AIC Za ar И. 


(+ ortho іѕотег) СІ СІ 
| “ОН 
OH 
CHO PCC 
о О 
СІ СІ 
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16.69 

Ho ~ 

| SOCh Br 
Ж 
Вг 277 
gw Bus Kt -OC(CH3)s x~ Bm 2 NH; 
АСЬ 
к HOCH ae У 
ЕТЕ Er 
іш 
(from a.) _ (+ ortho isomer) 8 
m 2 мн; p 
| њо 
OH 
Ж 
СІ 
HNO3 = Вг; == К*ОС(СНЗ}з и 
> ON >- ON > ОМ 
с. 2 2 2 
H5SO4 V / hv V / Бү ( ) 
+ ortho isomer) = 
(from a.) | ) HC=CH | HBr 
NaH ROOR 


= “СЕСН Вг 
ON ON 
HNO3 B po 
| Kx Ж 0, —. а IPEA RR. ды / 
H3SO — 
СІ 2204 һу Вг 


NO; NO; 


16.70 One possibility: 


(* ortho isomer) 
HO 
gem ТЕ 
О 


EE 


АСВ 


Ма2Сг2О7 


H20, H2504 


| Рено, на 
HO 
TOLL 
ibufenac 
16.71 
Д7 [1] Ман CHsCI 
HO [2] CH4CH2CH;Br > O e АСВ Ж-Е 


(* ortho isomer) 


16.72 
'H NMR data of compound А (C,H,Br): 
Absorption ppm # of H's 
triplet 1.2 3 
quartet 2.6 2 
two signals 7.] and 7.4 4 


'H NMR data of compound B (C,H,Br): 


Absorption ppm #ofH’s Explanation 
triplet 3.1 2 
triplet 3.5 2 
multiplet 7.1-7.4 5 


Explanation 


3 H's adjacent to 2 H's 
2 H's adjacent to 3 H's 
para disubstituted benzene 


2 H's adjacent to 2 H's 
2 H's adjacent to 2 H's 
monosubstituted benzene 
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О 
| K “ОС(СНэз 


1] ВНз 22 
H20, “OH “ТДД 


о 


KMnO4 COOH 
МХ 
HNO3 
H3SO, 


ON x COOH 


Structure: 


-0- 


Structure: 


Oy 
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16.73 IR absorption at 1717 cm ' means compound С has а С-О. 


'H NMR data of compound С (С НО): 


Absorption ppm #ofH’s Explanation Structure: 
singlet 2.1 5 3 H’s О 
triplet 2.8 2 2 H's adjacent to 2 H's 
triplet 2:9 2 2 H's adjacent to 2 H's 
multiplet 7.1-7.4 5 monosubstituted benzene 
16.74 
'H NMR data of compound X (C,,H,,0): 
Absorption ppm #ofH’s Explanation Structure: 
doublet 1.3 6 6 H's adjacent to 1 H О 
septet 3.5 1 ІН adjacent to 6 H's 
multiplet 7.4–8.1 5 monosubstituted benzene 
'H NMR data of compound Y (C,,H,,): 
Absorption ppm fof Н 5 Explanation Structure: 
doublet 0.9 6 6 H's adjacent to 1 H 
multiplet 1.8 1 ІН adjacent to many H's 
doublet 2.5 2 2 H’s adjacent to 1 H 
multiplet 7.1-7.3 5 monosubstituted benzene 
16.75 
| а 
d 1H NMR spectral data: 
20 )—°ч a \— Aur | b Т 1.4 (singlet, 18 H) (a) 
P Gri 2.27 (singlet, 3 Н) (b) 
5.0 (singlet, 1 H) (c) 
d у 7.0 (singlet, 2 H) (d) ppm 
p-cresol 2-methyprop-1-ene a 
(2 equiv) 
BHT (CisH24O) 
К (* 
Н- OSO;H 
У — 25, Y + HSO« 
OH а” "У он он + OH 
Ed | + Н Н H H 
p XL —ÉÓe a o 
OH OH 
H N -- + 50, Repeat to add the second C(CH3)s group. 
НЅ04- 
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16.76 


зы PA 
OH  Sharpless OH та OTS — CHNH; | 
reagent pyridine H 


(-)-DET 

[1] ЦАНА 

[2] H20 

СЕз СЕз 

[0] СІ strong ж 

— ж. |; 

и Базе 
| H 
H 


16.77 Five resonance structures can be drawn for phenol, three of which place a negative charge on the 
ortho and para carbons. These illustrate that the electron density at these positions is increased, 
thus shielding the protons at these positions and shifting the absorptions to lower chemical shift. 
Similar resonance structures cannot be drawn with a negative charge at the meta position, so it is 
more deshielded and absorbs farther downfield, at higher chemical shift. 


(| x он јон ын он 
ENS MS RE 


| | | 


(-) charges on the ortho and para positions 


16.78 
a. Pyridine: The electron-withdrawing inductive effect of N makes the ring electron poor. Also, 
electrophiles E* can react with М, putting a positive charge on the ring. This makes the ring 
less reactive with another positively charged species. 


To understand why substitution occurs at C3, compare the stability of the 
carbocation formed by attack at C2 and C3. 


Electrophilic attack on N: Electrophilic attack at C2: Electrophilic attack at C3: 
E 
< < Ж 2 Nt 27 E* Ж 
| — | == i 
2 2 u. 72 ш u. ху + 
М N, N N Е Е М М 
V E* E E | | 
less reactive 
than benzene Ж ЗЫ Ж Е 
H 
un + L 
N E N 
оң » 


N does not have an octet. better resonance structures 
(*) charge on an electronegative N atom 
poor resonance structure 
Attack at C2 does not occur. 
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Attack at C3 forms a more stable carbocation, so attack at C3 occurs. Attack at C4 generates а 
carbocation of similar stability to attack at C2, so attack at C4 does not occur. 


b. Pyrrole is more reactive than benzene because the C's are more electron rich. The lone pair on N 


has an electron-donating resonance effect. 


Attack at C2: 


7 t E < S 

А —— / —— Sae \ 42% P E* (5 H 

N N N N N E 
H H H H H 
more reactive than benzene | 

+ А H 

| E 

ше H 

N E 


2-position 


3-position 
N 
H 


fewer resonance structures 
Attack at C3 does not occur. 


more resonance structures 


attack at C2 


Attack at C2 forms a more stable carbocation, so electrophilic substitution occurs at C2. 


16.79 


is Pe 


5--0-0-б 


+ HSO4- 


:OH 


12- ME ME 
shift 
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16.80 Draw a stepwise mechanism for the following intramolecular reaction, which was used in the 
synthesis of the female sex hormone estrone. 


overall reaction Ше 
Lewis acid 


The steps: | 


or HA 2. 
RO 

2 uis" 

H20: 
RO 2 RO 
> г > J^ б 

Dev сүү ee 
RO A RO 


+ tA (+ 1 resonance structure) 
(+ 3 resonance structures) 


16.81 
а. In quinoline the lone pair on М occupies an sp’ hybrid orbital, so it can never be donated to the ring 
by resonance. The N atom decreases the electron density of the ring in which it is located by an 
electron-withdrawing inductive effect, so substitution occurs on the other ring. In indole, the N 
atom donates its electron pair (which is contained in a p orbital) to the five-membered ring, 
increasing its electron density, so substitution occurs on the five-membered ring with the N atom. 


b. In the presence of acid, the N atom is protonated prior to electrophilic attack. For substitution to 
occur at C8 rather than C7, the carbocation that results from electrophilic addition at C8 must be 
more stable. Attack at C8 generates a carbocation with more resonance structures, four of which 
keep one ring aromatic (1-4). Attack at C7 generates a carbocation with fewer resonance 
structures and only two have an intact aromatic ring (5 and 6). 


us + + > + us us 
М- N+ N+ N+ 
H H 
H Br H Br H Br H Br 

| 4 3 2 
5 

« 5) 

М- 

Н 
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es 
CÓ attack < : 2 E 

+ а-а + + + 
7 к” at C7 H NÍ H NÍ H NÝ 

H Br H Br H Br + H 

~ 5 
Br— Вг 

2 N+ 27 | 

H SÅ 

Br тй Н 


с. With indole, attack at C3 forms the more highly resonance-stabilized carbocation. 


à H в H в 
N attack 

OL» л О 
N at C3 N N+ 
H H 


H 


all octets 


Н Br 
at C2 
+ + А 
+ 
H H 
м В N all octets 


H H | 
a eeu ls 
Sp, Br CN 
H H 
all octets 


Attack at C3 forms resonance structures, all of which have an intact aromatic ring, and two of 
which have all atoms with octets. Attack at C2 forms a cation with more resonance structures, 
but only two have an intact aromatic ring, and only one has complete octets. 


16.82 
ж A 
-H 
\ OH “ағу Nec о; = 
——————- BF —— — —- + HOBF3 
N N 
H H 
(+ 3 additional resonance 
structures) 
1,2-shift 
+ 
НО + BF; + \ Р 
№ N H - 
H " "HO ВЕ, 
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Chapter 17 Introduction to Carbonyl Chemistry; Organometallic Reagents; Oxidation and 
Reduction 


Chapter Review 


Reduction reactions 
[1] Reduction of aldehydes and ketones to 1? and 2? alcohols (17.4) 


О 
Jia NaBHa, СНҘОН 
R R >- R 
Or E 
R' - H or alkyl [1] LiAIH4 [2] H20 


19 or 2? alcohol 


or 
Hə, Pd-C 


[2] Reduction of о, 9-unsaturated aldehydes and ketones (17.4C) 


OH 
NaBH4 D • reduction of the C-O only 
TN MPO R 
CH30H 
0 о 
Jy Нә ( equiv) Е P „ы * reduction of the С=С only 
R Pd-C R 
OH 
| Ha (excess) > P • reduction of both x bonds 
Pd-C R 


[3] Enantioselective ketone reduction (17.6) 


О 
[1] (S)- or (R)- 
R CBS reagent 
[2] H20 


e Asingle enantiomer is 
formed. 


[1] НАНА "T 
Б R^ ^он | : 
[2] Н2О Еу e LiAIH, a strong reducing agent, reduces 
О М 5 
ап acid chloride to а 1? alcohol. 
R^ ^d 
: О ; ; : 
[ LIAIH[OC(CH3)sls 02 A. e With LiAIH[OC(CH,),],, a milder 
[2] H20 p reducing agent, reduction stops at the 
aldehyde 


aldehyde stage. 
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[5] Reduction of esters (17.7А) 


[1] ЦАНА Р 
5 R^ СОН | : 
[2] H20 е АН, а strong reducing agent, reduces 
О есеп! an ester to a 1? alcohol. 
R А оғ 
О 
1] DIBAL-H : А : 
y =. В |Ң ө With DIBAL-H, a milder reducing agent, 
R^ ^H : 
ах aidehide reduction stops at the aldehyde stage. 


" [1] LiAIH, 


R^ “он [2] H20 


f? alcohol 


[7] Reduction of amides to amines (17.7B) 


О 
НАНА 
Д2 | 
R | [2] ЊО 
атіпе 


Oxidation reactions 
Oxidation of aldehydes to carboxylic acids (17.8) 


е АП Сг" reagents except PCC 
oxidize RCHO to RCOOH. 

ИТ e Tollens reagent (Ag,O + NH,OH) 
аманы carboxylic acid oxidizes RCHO only. Primary (1?) 
and secondary (27) alcohols do not 
react with Tollens reagent. 


О 
Je CrOs, Ма-Сг-Оҙ, K2Cr205, KMnO, 


R H 


Preparation of organometallic reagents (17.9) 
[1] Organolithium reagents: R-X + 21 вш + LiX 


[2] Grignard reagents: R-X + Mg T (8-мв-х) 
g g и 


R-X + 2Li — R-Li + их 


[3] Organocuprate reagents: 


2R—Li + Cul ———- |RCu Ш]+ Lil 
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[4] Lithium and sodium acetylides: E Ма” “МН ТЕЖА 
В-С-С-Н -----:--- В-С-с Ма % NH3 


a sodium acetylide 


E R—Li 
R—-CZC-H  ————— R—-CzC-li + К-Н 
a lithium acetylide 


Reactions with organometallic reagents 
[1] Reaction as a base (17.9C) 


KO CASUM 2222» RM-RLi, RMgX, R,CuLi 
RUM e This acid-base reaction occurs with H,O, 
КОН, КАН, R,NH, RSH, RCOOH, 
RCONH,, and RCONHR. 


[2] Reaction with aldehydes and ketones to form 1°, 2°, and 3? alcohols (17.10) 


О 


РІН ПІ R"MgX or В" 


B. wm [2] H20 
R' = Ног alkyl 


О [1] R"Li or R'MgX 
(2 equiv) 


[2] H20 R" R" 


3° alcohol 


[4] Reaction with acid chlorides (17.13) 


[1] R"Li or R'MgX e More reactive organometallic reagents—R"Li 
ш and R"MgX—add two equivalents of R" to an 
ó и acid chloride to form а 3° alcohol with two 
EE identical R" groups. 
Re 
e Less reactive organometallic reagents— 
PES - R',CuLi—add only one equivalent of R' to an 
2 


acid chloride to form a ketone. 
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[5] Reaction with carbon dioxide—Carboxylation (17.14A) 


[6] Reaction with epoxides (17.14B) 


О 


(Хх [f] RLi, RMgX, or RoCuLi 
н“ “H 
H 


H [2] H20 


OH 
[1] R'Li or R'MgX 

P i: dii E R ZA 
8 [2] H20 R' 

D 2 allylic alcohol 

R 

О 

И] R'>CuLi ЖІ т 

[2] H20 R R' 
ketone 


Protecting groups (17.12) 


e More reactive organometallic reagents— 
R'Li and R'MgX-—react with a,ß- 
unsaturated carbonyls by 1,2-addition. 


e Less reactive organometallic reagents— 
R',CuLi— react with a,3-unsaturated 
carbonyls by 1,4-addition. 


[1] Protecting an alcohol as a ¢tert-butyldimethylsilyl ether 


i t 
WES + Cl 
R H “а 
/\ 


[ci —TBDMS | 


ЈЕ 
М. NH 


| R-O-TBDMS | 
tert-butyldimethylsilyl ether 


[2] Deprotecting а tert-butyldimethylsilyl ether to re-form an alcohol 


о. A Bu4N* F- о Е М. 
R^ Si — ы” ни 


/\ 
| R-O—TBDMs | 
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Practice Test on Chapter Review 


1. Which compounds undergo nucleophilic addition and which undergo substitution? 
о 


Д АД AS °С 


2. What product is formed when СН,СН,СН Гл reacts with each compound, followed by quenching with 
water and acid? 


a. CH,CH,CHO е. СО, 

b. (CH,),CO f. СН,-СНСОСН, 
c. CH,CH,CO,CH, g. ethylene oxide 
а. СН,СН,СОСІ h. CH,COOH 


3. What product is formed when НО(СН,), СНО is treated with each reagent? 


а. NaBH,, СН,ОН c. Ag,O, NH,OH 
b. PCC а. Na,Cr,O,, H,SO,, НО 


4. What reagent is needed to convert (CH,CH,),CHCOCI into each compound? 


а. (CH,CH,),CHCOCH,CH, c. (CH,CH,),CHC(OH)(CH,CH,), 
b. (CH,CH,),CHCHO d. (CH,CH,),CHCH,OH 


5. Draw the organic products formed in the following reactions. 


x [1] TBDMS-CI, imidazole 
[1] LiAIH4 А 
ie dd р ићи Т; сє. o= [2] СНац 


[2] H20 [3] но 


[Indicate stereochemistry.] 
2 
[2] NaBH4 
E ( \ 5 ме S 


z бен . ea 
" ORE Я CH,OH 


[3] H30* О О 


6. What starting materials are needed to synthesize each compound using the indicated reagent or 
functional group? 


OH o 
| OH 
a. Synthesize: b. Synthesize: c. Synthesize: 
from an ester using an organocuprate reagent using a Grignard reagent 
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Answers to Practice Test 


1.а. addition 4.а. (CH,CH,),CuLi 5. 6. 
b. substitution b. LiAIH[OC(CH,),], COR 
c. substitution c. СН,СН,МеВг A | a: СҮ 
d. addition d. LiAlH, + CHgMgBr 
О 
2. a. CH,CH,CH(OH)CH,CH,CH, Б еу? С 
b. (CH,),C(OH)CH,CH,CH, | 
с. CH,CH,C(OH)(CH,CH,CH,), 
d. CH,CH,C(OH)(CH,CH,CH,), t 27 RE 
e. CH.CH.CH.COH der | 
f. CH,=CHC(OH)(CH,)CH,CH,CH, 7а м m 
в. CH,(CH,),OH cS с. 
h. CH,CH,CH, + CH,CO,H +  OTBDMS А 
НО, б 
3.a. HO(CH,),OH p 
b. OHC(CH,),CHO р H 


с. HO(CH,),CO,H | осн; 
d. HO,C(CH,),CO,H рањен 


он О 


Answers to Problems 


17.1 
И] Csp2—Csp2 
b. The O is sp? hybridized. 
H 
i D С 4 [2] s: Cs? - Osp? Both lone pairs occupy sp? hybrid orbitals. 
= : Csp?— 
ІЗ! a-sinensal 0: р: Ср-Ор 
Csp?—Csp? 


17.2 A carbonyl compound with a leaving group (NR, or OR bonded to the C=O) undergoes 
substitution reactions. Those without leaving groups undergo addition. 


о по good leaving group 
y addition reactions 


АП other C=O's have leaving groups. 
substitution reactions 
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17.3 Aldehydes are more reactive than ketones. In carbonyl compounds with leaving groups, the 
better the leaving group, the more reactive the carbonyl compound. 


ph ри 


least reactive most reactive 


о о 
о о о 
4 NH 7 За cl 
5. < < 


least reactive most reactive 


17.4 МаВН, reduces aldehydes to 1? alcohols and ketones to 2? alcohols. 
О NaBH, um 
и а 
а. рее CH3OH РӘН с. AK ae AN 
CH30H 
О Он 
NaBH4 

OO Oe 

17.5 1° Alcohols are prepared from aldehydes and 2° alcohols are from ketones. 


А Qa Oe OP Q^ 


17.6 
0 он О OH 
И] LiAIH, = та Н» (excess) PW 
a. | Ж 
Las [2] H20 7 9 db dE 7 
О OH О OH 
E NaBH, P 42 NaBH, (excess) pu 
22 ==: е. . 
Б CH30H B oto di CH30H 
I Hz | | NaBD Eod 
i a 
ES ый 20 Lequi) Pu f. о 2 Б” 
= Pd-C CH4OH 
17.7 
О он он 
P = : 5 
a CH30H 
о 
NaBH, 
H CH30H Sn 
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17.8 Тһе 2° alcohol comes from a carbonyl group. Because hydride was delivered from the back 


side, the (R)-CBS reagent must be used. 


H drawn back 


(R)-CBS 


17.9 


Part [1]: Nucleophilic substitution of H for Cl 


:0: 
> О К> »- + СІ” 
[1] Y H Cl [2] 


+ AIH3 ND H replaces CI. 


Part [2]: Nucleophilic addition of H^ to form an alcohol 


о у У Сон о 
ІЗ) H H [4] он 


+ AIH3 19 ајсоћо! 


17.10 Acid chlorides and esters can be reduced to 1? alcohols. Keep the carbon skeleton the same in 


drawing an ester and acid chloride precursor. 
er ерік, Jere 
а а 
or 0 
ы = s O^ 
— о | 


1] LIAIH4 1] LIAIH4 ke 
2] H20 TERS Cy | 


о 
крен г aai Pn oe МЫ 
b. NH2 NH, 4 


17.11 


[2] H20 2] H20 


17.12 


о 
on: x NH; 
a. 
О 
ЖКШ N^ --у 
b. Қ 
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О 
с Жу X = p N X 
| | 
[e] H H 
^ А 
| ог Фа X 


17.13 
о | он CH30 о CH30 OH 
[1] LiAIH4 3 илы ~>? 
а. pu PU с 
20 OH [2] H20 
+ HOCH; 
CH30 OH 
NaBH, OH NaBH, 
сњон COOCH; CH30H 
о о 
У xctl НАНА 
b. сно OH но У Тон + HOCH 
3 [2] H20 | 
мавн, 
Neither functional group reduced 
CH30H 
17.14 Tollens reagent reacts only with aldehydes. 
OH о 
Ag30, NH4OH Ад; О, NH4OH 
No reaction OH О 
он 
а. OH _ | О b ее" 
4 о о 
он е ІН 
Na;Cr207 Ма2Сг2О7 OH 
H3SO4, ЊО H2504, H20 
17.15 
о 
rua PCC CHO 
CHO ел lx 
о 
HO 
B H 
ou OH о 
Ag30, МНАОН 
мавн 20, NH4 
d 4 d B OH 
CH3OH HO HO 
о о 
он 
[1] LiAIHa ЕЯ он 
b. B он %8 © 
[2] H20 но 62504, Но 
он 
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17.16 


а. CHCH9Br + 21i ---- СНАСН + LiBr C. CHSCH9Br + 2Li = CHsCHjli + LiBr 


b. CH3CH2Br + Mg CH3CH2MgBr 2 CH3CH2Li + Cul --- LiCu(CH>CHs). + Lil 


17.17 Organometallic compounds have a carbon—metal bond. 


a. BrMgCECCH;CHs b. маосњ; СНа с. KOC(CH3)3 d. РАЦ = (pou 


organometallic NOT an NOT an organometallic 
compound organometallic organometallic compound 
compound compound 


17.18 


; : MgBr 
a. {у + H20 C> + ШОН Fd 9 + H20 DE HOMgBr 
А gBr 


17.19 To draw the products, add the alkyl or phenyl group to the carbonyl carbon and protonate the 


oxygen. 
Li 11 CeHsli он 
ы алланы с [Doo [1] CeHsLi " 
О [2] H20 HO [2] H20 


О | OH 
n (> * 
b. Д. - р 11 СН:-О те, ж Н 
TM ] њо 


[9] 
= 
© 
>ш 


0 1 H OH 
Tm pam PY 


[1] CH3CHzLi OH 
b. О Я + Я 
[2] H20 он коли 


OH О 


О 
MgBr it 
" ===>  CHaMgBr + TT b. шш: СҮ + ы Т 
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OH он б 
О MgBr 
MgBr g 
>. 74 А Де 2 = P + 
d 4 
ог 
он or OH 0 
с” о c = 
== + ~~ MgBr % “~~ мовг 
H Ж 


он 7" е 
e M ewe + CH3MgBr 
ee 
17.22 


OH О 
2 Ял 22 =>» S тн < он ==> DN Li 
linalool 6) 
(three methods) Қ Р.Қ 


Sus р Li + ZA 
lavandulol 
О + CH =O 
RU IER 4 + Ж- Li 
b. SN — > CHO c. Linalool is a 3* ROH. Therefore, it has no H on the 
OH carbon with the OH group, and cannot be prepared by 
reduction of a carbonyl compound. 
NaBH4 | 
CH3OH 
17.23 
N ы x ~ 
он 
О 
E» - BrMg 
5” o^ 
venlafaxine 
17.24 
O О Он 
22 
TBDMS-CI 
Ш Li - CE CH 
imidazole 
[2] H20 
HO TBDMSO 
TBDMSO 
estrone 
(ВијаМЕ он 
НО 


ethynylestradiol 
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17.25 
о п v ^ Mer dues 
(2 equiv) HO 
on lione 
| ОТОО мез но 
Я d (2 equiv) - 
[2] H20 
7 п мов но 
с. жалда ыы (2 equiv) 
[2] H20 
17.26 
OH 
О 
СО — А О 


(2 equiv) 


HO О 
b. = A" + ГИ MgBr 
(2 equiv) 
OH |; 
se = У + CH3MgBr 


(2 equiv) 


17.27 ТһеК group of the organocuprate has replaced the СІ on the acid chloride. 


О [1] (CH3);CuL i 9 9 [1] (Ph); CuLi О 
а. за а [2] H20 = с. суы [2] H20 item 
о [1] [CH3CH2CH(CH3)];CuLi 


о 
b. ee [2] H20 g ~ 


17.28 
О О О О 
БЕКЕ [1] LiAIH[OC(CH3)s]s Б АД iced [1] (CH3CH2);CuLi а 
а. C рјњо М © ЕРТЕ | 
" ШЕТ И] СНЗСНЫ (2 equiv) puc " sd call [1] LiAIH, NER 
а руше - сі [2] H20 OH 
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17.29 
О 
о M 
У СУ =(() po m b. > + КСнз)зСрСиі 
О О 
or or 
О О 
rl os Cl + (CHg)2CuLi AM а, 2. | 
— + [(CH3)2CH]2CuLi 
О О 
17.30 
о 
Br [f] Mg MgBr [2] CO; S [3] H30* 
ro 
[1] Mg - [3] H30* 
Б; we se У мөс! 


о 
Вг MgBr + = OH 
/ / y / Nf 
17.31 


с. Юон => Do 
= OH o 
d. => 
(+ enantiomer) dit 


17.32 Тһе characteristic reaction of «,3-unsaturated carbonyl compounds is nucleophilic addition. 


Grignard and organolithium reagents react by 1,2-addition and organocuprate reagents react by 
1,4-addition. 


асы ] (CH3)2CuLi [M (Снасиц — 
- Beo ~ мно © 


НО 


HO 
ПІ H- czc-ti HH H-C=C—Li Ж 
[2] H20 [2] H20 


b. dbi dide [1] (CH3)>CuLi И 
о [2] ЊО o 
Пана О, 


[2] н.о Се 
HO \ 


Chapter 17-14 


17.33 
а 
pP P [2] H20 OH 
OH MgBr [n {о 
РВгз Mg "P E 
b a 
[2] H20 (Бай 
17.34 
HB M 
а. “он - «Әз : ^ мов 


о 
9 
ар 

БЕ 
Uv 
2 


о 
9 
I 
I 
N 
o 
О 
~ 
+ 
7 
ЈЕ 
O 


(from a.) 
ед MEME 
or РВгз H20 (ox РСС (> 
о 
P: ub. OH 
о OH 
H20 
(from d.) 
H2SO4 mCPBA О 
Оон СН--СН; 
17.35 
О 
pu ВАНА — ur e 
А CH30H 
b. НАНА por 
[2] H20 
c. [1] СНзМОВг (excess) р 
[2] H20 
HO Сен 
d. [1] CeHsLi (excess) idu 
[2] H20 
М 
е. Na2Cr207 No reaction 
Н›504 
H20 
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О 
CH30 
a. NaBH, 
Чез No reaction 
CH30H 
B b. [1] ШАНА CH30 
[2] H20 
CH30 
c. [1] CH3MgBr (excess) и он 
[2] H20 
СН СєН5 
d. И] CeHsLi (excess) СНзО 
[2] H20 i 
e. Na;CrO 
27277 No reaction 
Н,504 
но 
17.36 
РВгз М9 
“Гн 
РСС О ПІ BrMg — CH2CH 
— CH2CH3 
а. он a - di di 
H [2] H20 
CH3OH en 
| РВгз 
CH3Br 
{Ms 
О [1] CHaMgBr om PCC Q [1] CH3MgBr OH 
ь Д EN P а араны 
н [2]H20 [2] H20 
(from a.) 
OH РВгз Вг [1] Mg 
д „А. pu [2] H2C-O Ok 
(from b.) [3] H20 | 
CH30H 
PCC 
О 
H5SO4 mCPBA [f] BrMg—CH2CH3 
d. “Хон > СН = Сн, - 74 = е SLE 
(from a.) 
[2] H20 
17.37 
О 
ТҮРТТІ МаВНа о 
а. Ее жа РСС 
H CH30H OH а, H No reaction 
О О О 
b. о | ПАН ИХ ООМО. Na2Cr207 ЖҮРЕГІ 
a Е gH | Н ог њо он 
[2] H20 тш 
О О О 
рет H2 MIS ы Әт Ag20 ee 
e а он | H OH 
Pd-C NH4OH 
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[2] H20 2] H20 
ри 11 CeHsLi нез 1] CH3C=CLi 
2] H2O 2] H20 NS 
ТҮЗІ 1] (CHa)2CuLi | TBDMSCI 
No reaction i NN Оон — МА У “о-тврмѕ 
[2] H20 imidazole 
17.38 
cy (СНӘСН-СН-СН;)-Сші 
а. 
О 


(CH3CH2CH2CH5)2CuLi 


c 1] (CH3CH2CH2CH2);CuLi 
[2] H20 
OH 
1] (CH3CH2CH2CH3)2CuLi 
[2] H20 


17.39 Arrange the larger group [(CH,),C—] on the left side of the carbonyl. 


H OH HO H 
a. NaBH}, CHOH | ——— у 2 EG 
HO H 


[1] (S-CBS reagent; [2] ЊО ===> 


- No reaction 


a 


ra 


5 


о 


[1] (®)-СВ$ reagent; [2] H20 —— 


17.40 


а. МаВН,, СНҘОН 


Нә (1 equiv), Ра-С 


2 


А 
с. Н> (excess), Ра-С 
17.41 
О OH 
NaBH 
a. чр 3 Ps 
CH30H 
о о 
9 | И] LiAIH НО 
1 
[2] H20 
о OH 
17.42 
О О 
5 у о NaBH4 
© CH30H 
A HO 
[1] ШАН 
[2] H20 
Ag20 
NH4OH 
СгОз 
` H2SO4, H20 
PCC 
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HO 
d. [1] CH3Li; [2] H20 
HO 
e. [f] CH3CH2MgBr; [2] H20 
О 
ғ ШЦСН;-СнН)Сшш;|21Н:0 
= Ф 
о [1] ЦАЈНА 
OH ~ ИТ ОН 
сир [2] H20 | 
| о 
О И] LIAIH[OC(CH3)3]3. 0 
d. он @ он 
СІ [2] H20 H 
О о 
он 


OH HO 
A лы Ы Ші 
p О OH 
HO 
О О 
О О 
жо AN OH 
О 
НО 
О О 
О О 
ж ANY OH 
О 
О О О 
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17.43 


[fl СО; c о о [1] CH3MgCl 
a. MgBr - ( а. ( NL ос D 
[2] H30* V 4 OH ч. [2] H20 


Ф 


О [1] CH3CH2MgBr OH 


тһ 


0 Ж 
И] CeH&MgBr HO 
Я СІ (excess) 4 
Сен 
[2] H20 (68 ІН dd 


17.44 


О [1] (CH3)2CuLi 
Pm 


y X 


[2] H20 


OH 


17.45 


[1] (CH2- CH); CuL i 


[2] H20 


О [1] (CH3)2CuLi 
[2] H20 
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о н он 
С [1] (S-CBS reagent 4 
[2] H20 
О 
ПА Че И ео алына ӘНДЕ 
5 [2] H20 5 


тСРВА - ['] ^7 MgBr к 
ХО + o + 
[2] H20 “OH OH 
ОН он 
Ри у т 
РА 


17.47 Both ketones are chiral molecules with carbonyl groups that have one side more sterically 
hindered than the other. In both reductions, hydride approaches from the less hindered side. 


The СНз groups on the bridgehead carbon make 


2 H's the top more hindered. Н” attacks from below to 
less hindered afford an exo OH group. 
Attack comes from above. Attack comes from below. 


H. H 
СНз СНз 
[1] НАНА d [1] LiAIH 
ЈАНА 
H~—— from above 

2] H20 

К МЫ 9 [2] H20 Ші 
О from 
| 
below 
| endo ОН group exo OH group 


The concave shape of the six-membered ring makes the bottom face 
of the С-О more sterically hindered. Addition of the H^ occurs from 
above to place the new C-H bond exo, making the OH endo. 


17.48 A Grignard reagent contains a carbon atom with a partial negative charge, so it acts as a base and 
reacts with the OH of the starting halide, BrCH,CH,CH,CH,OH. This acid-base reaction 
destroys the Grignard reagent, so that addition cannot occur. To get around this problem, the OH 
group can be protected as a tert-butyldimethylsilyl ether, from which a Grignard reagent can be 
made. 
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basic site acidic site 
d = A ја! О + HOMgB 
Лл. еже» =_= =: Р T 
B BrMg АК proton transfer [sx 
These will react. 
INSTEAD: Use a protecting group. 
TBDMS-CI 
ат SAP AU IR ee БЧ MS _ № _ У отвом5 
imidazole ther BrMg 
protected OH nm] О 
[2] H20 
of (Ви);МЕ он 
SP dc OTBDMS 
A 


17.49 Compounds F, G, and K are all alcohols with aromatic rings so there will be many similarities in 
their proton NMR spectra. These compounds, however, will show differences in absorptions due 
to the CH protons on the carbon bearing the OH group. F has a СН,ОН group, which will give а 
singlet in the 3-4 ppm region of the spectrum. G is a 3? alcohol that has no protons on the C 
bonded to the OH group so it will have no peak in the 3-4 ppm region of the spectrum. K is a 2? 
alcohol that will give a doublet in the 3-4 ppm region of the spectrum for the CH proton on the 


carbon with the OH group. 
( 
[1] Оз dd 
[2] CH3SCH3 RE. 
cdi. 
| us mn 
o OH 
P [1] Mg p 
И] CeH&MgBr #2504 НСІ сор [2] СЊ=0 
[2] H20 E ~ [3] H20 JD 
F 
A B NZ эм 
(7 йй 
тСРВА а [1] (CH3)>CuLi eo 
И] ЦАНА — Ж cos E 
[2] H,O <] E [2] H20 ра 
“ы” “ыж 
он G 
OH Br MgBr 
PBr3 Mg И] С6НБСНО 
[2] H20 
H I J K 
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17.50 
4 \ LORS reagent -CBS reagent a \ Nalo AERE 
NHCH3 
^ puo — : 
на H HO H 
B 
F 
[1] NaH 
NHCH3 Lo 
У M NHCH3 
So s 
E “= 
duloxetine 
17.51 
C= 
:9 
17.52 
небн HGH 
5: (5: yer ane ms 
ру: ST К О; у 
v Do === о: 
MgBr BiMg^— 77] 
BrM + + M Br 
У и У мов: + MgBr Я | 
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17.53 
“ш 
о | 
ЧЕ; 
+ 28H 
OH 
17.54 


TBDMSO 


TBDMSO _ 
+ “OH 
17.55 
со: :б: О: О: 
а ы Сен ДР Ч. 
СІН С H H— AlH т 
О :0: о :O о A О H + АІНз 
О: 


H20 – bs 
OH 10: 10: 
НО ial 
Protonate four о: H 
alkoxides. 


= 
о: 
OH ЧО: са, e H 
.. + ДІН; . . sg 
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17.56 Any CH, bonded to the amine N can be formed by reduction of a С=О. 


17.57 
р он 5 
a с" —— Мав + ү : = z ~~ MgBr 
OH о 
ог 
H SS 
ЧЕ + MgBr 
О 
BrMg 
b HO === du di 8 
О 
О О 
or «^ MgBr + id or СНзМаВг + + 
17.58 


(а) 
оо => Oo. 
x MgBr 
о 
(b) + M e 
SS BrMg~ v^ 
о 
(с) 
-— O > OL 
Cre MgBr 
о 
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17.59 
он " 
= = E CHs-MgBr b. d qa к вм ~~ 
(2 equiv) ou (2 equiv) 
17.60 
(three ways) 
ог => н + = TR * в Sun 
О 
ог P 
| СҮ 
17.61 
Н 
а. СУ. ABE == ава даты + dex 
с о 
СеН5 Е 
" “о + BrMg—CeHs ( : 
{ he MgBr 
» + „лчу 
17.62 
Mg H20 
Br MgBr 2 
C6H5 diu d сын ~ ~~ CsHs PIS 
g KOC(CH3) H2 
Ceh, ч Gl Ss сень ~ 
Pd-C 
Br ЦАНА 
CeHs әм сы, ~ 
17.63 
OH рву} e na O << 
à “| 2] H20 
OH o 
| OH e. mCPBA 1] CeHeMgBr pee 
; 2] H20 
СНУ C6H5 
| О 
m. A m zb. H2SO, mCPBA 
с. [2] H20 
major product 
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јего OH 
ec a) 
PCC 
2] H20 
(from a.) 
17.64 
CH3OH 
| PCC 
Ur 
"FeBr 2] H20 
И] PhMgBr 
[2] H20 


О OH 


H РСС 
Ба RE о 
H9 ЖҮЗЕ» x 
MgBr Eg 
(from a.) 
Р Т0 Bra Br 

с. O Hn LESER. * ortho isomer 

2204 евгз 

О 
po PCC A OH 
и n ree ee 
РВг М 
“~~ oH 3 AST Br g мав; 
РСС 
КЕСІР 
OH 

Br MgBr О 

17.65 
1 P RES 
" EN PEG ТЕК) Мав. РСС 
[2] H20 
О OH О 
У РВгҙ > Mg p S 
OH Br MgBr 
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ЕТ 
Б Т [1] РВгз Mg 
| [2] H20 
о он Вг MgBr 


(from a.) 
РВиз Mg 
OH Br MgBr 


COH 


eX oo om Х ow, М 
OH Br MgBr | н.о РВгз K* -OC(CH3s PO 


+ 
OH Br 
H 
О 
) 


(тота. 
17.66 
ІП NaH HO TBDMs-ci  TBDMSO Nau ТВОМ5О : 
a. НС-СН >- —— > == = 
[2] CH3CH=O imidazole | 
[3] H20 n 9 
| РСС | ШУДЫ) 
[2] H20 
“он 


Тон HO OH TBDMSO OH 
f РГ, (Bu)4NF — 
ов 
з O ан ~ Вг = KOC(CH3)s V) HBr ce 
АСВ һу Br peroxides 


A 
NaH H20 HO TBDMs-cı TBDMSO o NaH TBDMSO o 
HC=CH > C=CH > > == — > = — = 
О imidazole 
n H ЈА 
PES TBDMSO 
< “он == — 
-OH N ) 
d (Bu)4NF 
: HO 
2 =. PCC m ) 
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17.67 
2 CH3Br CH3Br 
[1] 4 Li 
a Cul Mg 
[1] (CH3)2CuLi 1] CH3MgBr 
" А 3 ПІ CHsMg H2504 Hə, Pd-C 
[2] Но [2] H20 OH E 
О 
+ 
О О О 
" [1] | £^ a OL [1] BH3 A [1] NaH 
[2] H20 24 [2] H202, "OH он [2] Тәр, p 7% 
Mg 
AN 480 си ов = | M^ Mer 
227 “в; ( AN | [2] H20 
2 „Сип > 
о НО 
[1] NaH 
o ~ [2] 2 “а, ow 
17.68 
нс=сн МеН i 
i Ја" 
Bn S USE У и 
imidazole A 
== Шан о S „ТВОМ$ 
[2] А О 
| Na, NH3 
а дығы Та тал” Те РР? 
| Bu4NF 
О 
Em к a 
P ust ТУТУТУТУ он 2 H 
(E)-tetradec-11-enal 
17.69 
Hp 
Hp Hp Ha | Ha 
| О | IR peak: 1716 ст“ (C-0) пот | H он, | IR peak: 3600—3200 ст“! (OH) 
СНз СНз 1Ң NMR: 2 signals (ppm) des CH3 CH3 1H NMR: 4 signals (ppm) 
Т Т doublet 1.2 (Hp) CH3OH Т doublet 0.9 (На) 
нее” CH3 CH3 “ен, septet 2.7 (Ha) ut СНз СН ы singlet 1.5 (На) 
| | | | multiplet 1.7 (Н) 
triplet 3.0 (Hp) 
Hp Hp На На 
СТАО C7HigO 
A B 
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17.70 
О H H Hp 
| |22 IR peak 1743 ст“ (C=O) y a ү Она | 
1 SUM excess | 
Ch ^ "OCH4CHs H NMR: 3 signals (ppm) CH3CH5 —C—CH CH 
| |! triplet (З H) 1.2 (Нд рњо i | 
| А singlet (3 Н) 2.0 (Ha) 2 = ES Е 
а b a a 
t(2 H) 41 (H 
сано; quartet (2 Н) 4.1 (Hp) He 
E Сены О 
Е 


17.71 Molecular ion at m/z = 86: C,H „O (possible molecular formula). 


Hp Hp 
|| 
Щи Поов O H H 
m [2] H30* CH3 CH3 
! HH ! 
Hc E 4 На 
На На 
G 


IR peak 1721 ст“! (С=О) 

1H NMR: 4 signals (ppm) 
triplet (3 H) 0.9 (Ha) 
sextet (2 H) 1.6 (Hp) 
singlet (3 Н) 2.1 (Ну) 
triplet (2 Н) 2.4 (На) 


17.72 Molecular ion at m/z = 86: СН „O (possible molecular formula). 


Hp На На 

++ 4 

| CH3H H 

[1] (CH3)3CLi H 
| [2] CH2=0 poe 4 
[3] H20 нег н н, 
н He He 
H 


17.73 
< Te ла о 
М] z^ 
СІ [2] H20 
+ Cl 
17.74 
О OH 
Br [f](R-CBS Б} 
reagent TBDMSCI 
HO [2] H20 HO imidazole TBDMS— O 
ж (2 equiv) 
О О Pd 


IR peaks: 3600-3200 ст“! (OH) 
1651 ст”! (C=C) 
1Ң NMR: 6 signals (ppm) 
singlet (1 H) 1.7 (Ha) 
singlet (3 Н) 1.8 (Hp) 
triplet (2 Н) 2.2 (Ну) 
triplet (2 Н) 3.8 (На) 


two signals at 4.8 and 4.9 due 


to 2 H's: He and Н; 


IR peak 3600-3200 ст”! (OH) 
1H NMR: 4 signals (ppm) 
triplet (6 H) 0.9 (Hj) 
singlet (3 Н) 11 (He) 
quartet (4 Н) 1.5 (Hp) 
singlet (1 Н) 1.55 (На) 


OTBDMS 
Br 
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HO. жо, [1] NaH pi В. ж N үс С 
CgHs О 


[2] Вг чч 
Вг 


МНз 


H2N ЧЧ М Cos 
о 


OTBDMS B 
H 
A + B — М NNO “VIN СвНь 
о 
TBDMS—O | 
АНА 
g^ xe [2] H20 
OTBDMS 
H 
Молаға ға A оу CeHs 
TBDMS—O | Bu4NF 


OH (R)-salmeterol 
17.75 Тһе carbon of an «,3-unsaturated carbonyl compound absorbs farther downfield in the "C 
NMR spectrum than the о carbon, because the carbon is deshielded and bears a partial positive 
charge as a result of resonance. Because three resonance structures can be drawn for an о,3- 
unsaturated carbonyl compound, one of which places a positive charge on the 8 carbon, the 
decrease in electron density at this carbon deshields it, shifting the “С absorption downfield. 
This is not the case for the о carbon. 


122.5 ppm _ 


|. :0: :0: hybrid: 06 
p и + 5+” ò+ 


а 


mesityl oxide 


17.76 
CN 24 NH2 М. 
он он он 
И] Lit "N[CH(CH3)2]; [1] LiAIH, 
[2] H20 
~ X Y venlafaxine 
Q CisHigNO2 


3] H2 
НА „СМ 


У NICH(CHs)2I2 а” 


CN 
OH 

о о 

| 


+ HNICH(CH3)2]> + тон 


„о 
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17.77 
det AUR 
— MgCl =o Or HoH OH 
“ " C Id 
* 
P 
+ | MgCl + — он 
Мас! 
t К О (x^ 
б А +*+ Мос! HOH 
у TE о: 
О О: Б 
H j {нон 
В: H20 
Any base (such as the alkoxide) 
can deprotonate the 
intermediate. 
N gH 
+ ОН 
17.78 
о О о: 
~ уы: 
E * + 
Кін-он H2NOH H2NOH 
proton 
transfer 
,OH 
:N 
о = 
proton 
transfer 
H — NOH N 
О О 
(* 1 resonance structure) 
17.79 


ЕСТЕ 


б: 
к 
NE. 


MgBr* + 
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Chapter 18 Aldehydes and Ketones —Nucleophilic Addition 
Chapter Review 


General facts 

e Aldehydes and ketones contain a carbonyl group bonded to only Н atoms ог К groups. The carbonyl 
carbon is sp^ hybridized and trigonal planar (18.1). 

e Aldehydes are identified by the suffix -al, whereas ketones are identified by the suffix -one (18.2). 

e Aldehydes and ketones are polar compounds that exhibit dipole-dipole interactions (18.3). 


Summary of spectroscopic absorptions of RCHO and R,CO (18.3) 
IR absorptions С-О “1715 cm for ketones 
e increasing frequency with decreasing ring size 
~1730 cm” for aldehydes 
e For both RCHO and R,CO, the frequency 
decreases with conjugation. 
С-Н of CHO -2700—2830 cm (one ог two peaks) 


‘HNMR absorptions СНО 9-10 ppm (highly deshielded proton) 
С-Н аю С=О 2-2-5 ppm (somewhat deshielded Csp—H) 


“C NMR absorption C=O 190-215 ppm 


Nucleophilic addition reactions 
[1] Addition of hydride (Н) (18.7) 


NaBH;, СНЗОН 
R R' or 
R'=Horalkyl [1] LIAIH4 [2] H20 


— 


The mechanism has two steps. 
H: adds to the planar С=0 from 
both sides. 


[1] R"MgX or R'Li 


The mechanism has two steps. 
R: adds to the planar С=О from 
both sides. 


R R' [2] H20 
R' = H or alkyl 
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[3] Addition of cyanide ( CN) (18.8) 


О 
J NaCN OH 
R R' HCI PN 
R CN 


R' = Н or alkyl R' 
cyanohydrin 


e The mechanism has two steps. 
e CN adds to the planar C=O from 
both sides. 


[4] Wittig reaction (18.9) 


R R" 
=o + PhP = Rm 
R' R" 
R' =H or alkyl Wittig reagent 


Тһе reaction forms a new C-C o bond and a 
new С-С m bond. 
Ph,P=O is formed as by-product. 


[5] Addition of 1° amines (18.10) 


О R"NH3 
R R' mild acid 
R' = Н or alkyl 


The reaction is fastest at pH 4-5. 
Тһе intermediate carbinolamine is unstable, and 
loses H,O to form the CN. 


[6] Addition of 2? amines (18.11) 


О NR; 


Ji. ce E 
R' R 


mild acid 
R' = Н or alkyl 


The reaction is fastest at pH 4—5. 
Тһе intermediate carbinolamine is unstable, and 
loses H,O to form the C2C. 


[7] Addition of H,O—Hydration (18.12) 


R' = H or alkyl 


The reaction is reversible. Equilibrium favors 
the product only with less stable carbonyl 
compounds (e.g., H,CO and CI, CCHO). 

The reaction is catalyzed with either H' or OH. 


[8] Addition of alcohols (18.13) 
:O: H* 

+ РОН == 

R к (2 equiv) 


R' =H or alkyl 


e The reaction is reversible. 

e The reaction is catalyzed with acid. 

e Removal of H,O drives the equilibrium 
to favor the products. 
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Other reactions 
[1] Synthesis of Wittig reagents (18.9A) 


pie VUL PhP: aN e Step [1] is best with CH,X and RCH,X because the 
вын reaction follows ап S,2 mechanism. 
e А strong base is needed for proton removal in Step [2]. 


[2] Conversion of cyanohydrins to aldehydes and ketones (18.8) 


e This reaction is the reverse of cyanohydrin 


aldehyde or formation. 
ketone 


а-ћудгоху 
carboxylic acid 


H 
кн + RNH> or R2NH 


imine enamine aldehyde or 
ketone 


[5] Hydrolysis of acetals (18.13) 


OR" e The reaction is acid catalyzed and is 


H* 
х a === + РОН the reverse of acetal synthesis. 
| З в | 
R aldehyde ог | 0*9" ө А large excess of H,O drives the 
R' = H or alkyl ketone equilibrium to favor the products. 
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Practice Test on Chapter Review 


1. Give the IUPAC name for the following compounds. 


2. (a) Considering compounds A-D, which compound forms the smallest amount of hydrate? (b) Which 
compound forms the largest amount of hydrate? 


сњо( jco CI < Ж ОМ 202 CHO CH30 202 
О О 
А B с р 


3. (а) Considering compounds А-В, which compound absorbs at the lowest wavenumber іп its IR 
spectrum? (b) Which compound absorbs at the highest wavenumber in its IR spectrum? 


ыз E NES 


A 


4. Fill in the lettered reagents (A-G) in the following reaction scheme. 


HO CHO HO COOH 
| o 5 
NL о о 
НО TBDMSO TBDMSO 
OH 
D E F 
OH 


G 
2 


О НО С=сн 


5. Draw the organic products formed in the following reactions. 


1] PhP (ум 
[2] Виц 


mild acid 
з Ore 
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он Тзон 
Қ = [1] NaCN, НСІ > 5 [ О + но ЖТС 
[2] H20, Н*, A 


( мн p CH4CH;OH 
d. o os > + HO он 
; 
| H 


mild acid 


[Indicate stereochemistry.] 


Answers to Practice Test 


1.a. 5-isopropyl-2,4- 4. 5. 
dimethyl- A = [1] LiC=CH; [2] НО : Co ee 
cyclohexanone B = [1] R,BH; [2] H,O,, OH 4 о 
b. 3,3-dimethyl-5- C = Ag,O, NH,OH ИМ Ы o 
phenylpentan-2-one р = H,O, H,SO, HgSO, f. ont ен 
c. 4-ethyl-2-methyl- E = TBDMS-CI, imidazole OH i 
cyclohexane- F = [1] СН; [2] НО cd о 2 OH 
carbaldehyde - ТЕ = 
у G =Ви МЕ а. АЕ eu 
2.а. Р 
b.C 
3.a. B 
b.C 


Answers to Problems 


181 As the number of К groups bonded to the carbonyl C increases, reactivity toward nucleophilic 
attack decreases. Steric hindrance decreases reactivity as well. 


О 


пни Je 


Increasing reactivity 
decreasing steric hindrance 


18.2 Моге stable aldehydes are less reactive toward nucleophilic attack. 


om | CHO 


benzaldehyde 
Several resonance structures delocalize the partial 
positive charge on the carbonyl carbon, making 
it more stable and less reactive toward 
nucleophilic attack. 


cyclohexanecarbaldehyde 
This aldehyde has no added resonance 
stabilization. 
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18.3 


18.4 


0: :0: 
+ 

н 2 `H 

H H 


> <> 


Оз K T 
БЕ, о“ 
О: :О :0: 
оо 


• To пате an aldehyde with a chain of atoms: [1] Find the longest chain with the CHO group and 
change the -e ending to -а!. [2] Number the carbon chain to put the CHO at СІ, but omit this 
number from the name. Apply all other nomenclature rules. 

• To name an aldehyde with the CHO bonded to a ring: [1] Name the ring and add the suffix 


-carbaldehyde. [2] Number the ring to put the CHO group at СІ, but omit this number from the 
name. Apply all other nomenclature rules. 


№2 


4 
| CHO 4, CHO 
a. H 3 1,Н с. 
СІ СІ з 
5 C chain = pentanal 3,3,4,4-tetramethylpentanal | 
4 Сгіпа- 3,3-dichlorocyclobutane- 
cyclobutanecarbaldehyde carbaldehyde 
1 
CHO CHO 
5 
b. Pant 6 2 
8 C chain = octana 2,5,6-trimethyloctanal 


Work backwards from the name to the structure, referring to the nomenclature rules in Answer 
18.3. 


a. 2-isobutyl-3-isopropylhexanal с. 1-methylcyclopropanecarbaldehyde 
6 C chain [9] 3 carbon ring pun 
CH3 
H 
b. trans-3-methylcyclopentanecarbaldehyde d. 3,6-diethyInonanal 


HO 9 C chain 


CHO c 
5 carbon ring = H 
ог 
/ О 
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18.5 . To name ап acyclic ketone: [1] Find the longest chain with the carbonyl group and change the -e 
ending to -one. [2] Number the carbon chain to give the carbonyl C the lower number. Apply 
all other nomenclature rules. 

» To name a cyclic ketone: [1] Name the ring and change the -e ending to -one. [2] Number the 


C's to put the carbonyl C at C1 and give the next substituent the lower number. Apply all other 
nomenclature rules. 


С; 
EA LM р 3 
Ц Т 2 4 
м O О 
8 С chain = 5 C chain = 2,2,4,4-tetramethylpentan-3-one 
octanone 5-ethyl-4-methyloctan-3-one pentanone 
3 (2 
b. о О 
1 
5 Cring = 


cyclopentanone 3-tert-butyl-2-methylcyclopentanone 


18.6 Most common names are formed by naming both alkyl groups on the carbonyl C, arranging them 
alphabetically, and adding the word ketone. 


a. sec-butyl ethyl ketone d. 3-benzoyl-2-benzylcyclopentanone e. 6,6-dimethylcyclohex-2-enone 


AN benzyl group: benzoyl group: 5 C ketone 6 C ketone 
О О 
Е 
b. methyl vinyl ketone | \ | ) (8 


м f. 3-ethylhex-5-enal 


^Y C | "mr 
О CHO 
РАДА 
c. p-ethylacetophenone о 
; % N Ж 


187 Compounds with both а С-С double bond and an aldehyde are named as enals. 


a. (Z)-3,7-dimethylocta-2,6-dienal b. (2E,6Z)-nona-2,6-dienal с. (Е)-дес-2-епа! 
E 
H 
7 3 3 1 
Bs "А ја К-т CHO о 
6 О 
1СНО 6 2 2 10 
neral cucumber aldehyde found in stink bugs and cilantro 


18.8 Even though both compounds have polar С-О bonds, the electron pairs around the өр” hybridized 
O atom of diethyl ether are more crowded and less able to interact with electron-deficient sites in 
other diethyl ether molecules. The O atom of the carbonyl group of butan-2-one extends out 
from the carbon chain, making it less crowded. The lone pairs of electrons on the O atom can 
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18.9 


18.10 


18.11 


18.12 


more readily interact with the electron-deficient sites in the other molecules, resulting in stronger 
forces and a higher boiling point. 


О? 
Pw о 205 
butan-2-one diethyl ether 


For cyclic ketones, the carbonyl absorption shifts to higher wavenumber as the size of the ring 
decreases and the ring strain increases. Conjugation of the carbonyl group with a С=С or a 
benzene ring shifts the absorption to lower wavenumber. 


Cs Ce [= 


в А с 


increasing frequency of the С-О absorption 


[e] О 
1] DIBAL-H [1] ВН 
a. d e T Е с. Y - : жоры 
[2] НО», НОТ 
О 
[1] Оз 
р. Юон oe d LIS BES 
[2] Zn, H20 
о 
ES H20 
i АСЬ С ( J^ = оно, 
HgSO4 
1] (CH3)2CuLi 
b. pine. ^ 


Addition of hydride or R-M occurs at a planar carbonyl С, so two different configurations at a 
new stereogenic center are possible. 


Add H OH H OH 


NaBH4 "I P stereochemistry: pu Ww ПО oe 
| E ? 
CH3OH | 


new stereogenic 
center 


О 
а. pu uw 
О он Add он 
dz pZ stereochemistry: 
b. Ш per 4774 + 
[2] H20 


18.13 


18.14 


18.15 


18.16 


18.17 
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Treatment of an aldehyde or ketone with NaCN, НСІ adds HCN across the double bond. Cyano 
groups are hydrolyzed by H,O' to replace the three C-N bonds with three C—O bonds. 


OH 


CHO 
NaCN CN OH T OH 
a НСІ b. CN t COOH 


О 
OH enzyme _ enzyme _ 
H + HCN 
amygdalin toxic 


by-product 
а. E [9] + РИзР=СН> > = 
b. + “АА” 


+ Виц 
а. Ph:* в = hP o = =. 


Js e BuLi 
b. Ph3P:+ Br — —- Ph3P — PhP 


j 


о 
> 
5 
[5] 
9 
* 
UJ 
E 
2 
UJ 
5%. 
0) 
zc 
г 
79 
kw зі 
79 


ж 
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18.18 To draw the starting materials of the Wittig reactions, find the С=<С and cleave it. Replace it 
with a C=O in one half of the molecule and a C=PPh, in the other half. The preferred pathway 
uses a Wittig reagent derived from a less hindered alkyl halide. 


7 5 pa Ph3P 
Aen => а | 8. D o * BC US 
re | H 


о hal 1% halide precursor 
2" halide precursor 
СН) СНХ XCH2CH2CH3 
а H preferred pathway 
b. INES === ИРИ + КР (only one route possible) 


у 


Н 


Й S s$ 
Сү“ = om PPh} + idi on о + БРЗА 
| à | 


1° halide precursor b А 1° halid 
oth routes possible апае precursor 
СеНБСНХ | шы XCH3CHs 


18.19 


a. us sequence: 


1] CH3MgBr HO H»SO, 
+ Su. + Р 
"оно - 


MES Sequence: minor product tetrasubstituted (Е апа 2 


major product isomers) 
TUBES. CH2 
only product 


Two-step sequence: 


ы 
© BrMg E DEQ H3SO4 27 А du E 
[2] H20 


trisubstituted trisubstituted 
conjugated С-С 


СЎЗ only product 


One-step sequence: 


РРА 
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18.20 When а 1% amine reacts with an aldehyde or ketone, the C=O is replaced by C=NR. 


Өе 
Jl. rd. Ps | , е | = 2H 
b. — > с. О М 
18.21 Тһе C=NR is formed from а C=O and ап NH, group of a 1° amine. 


H 
a Fe ae — pu * И 


18.22 


9) N(CH3)2 N(CH3)2 
CH3 
N 
* N-H — + 
CH3 


18.23 . Imines are hydrolyzed to 1° amines and a carbonyl compound. 
» Enamines are hydrolyzed to 2? amines and a carbonyl compound. 


~ 1% H20 г 
а. М ————- + HN 
H* H 
imine 


T amine 


H 
но “- 
b. N — + о 
| Ht 
enamine 2" amine 
| H20 о | 
с. UN Ф Р > (CH3)2NH + 
enamine H 2° amine H 
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18.24 

"AL Гоњ, ПТ и 

i N87 ње NE 
+ но" 

proton 

transfer 

* cam t Он» н HA, 

NH3 NH2 + `N о: 
iai к= | 
H H 
О О 
18.25 
• А substituent that donates electron density to the carbonyl C stabilizes it, decreasing the 
percentage of hydrate at equilibrium. 
• A substituent that withdraws electron density from the carbonyl C destabilizes it, increasing 
the percentage of hydrate at equilibrium. 
О О о 
~ жоғы H ~ ~ H 
FF 
B с А 
increasing percentage of hydrate 

18.26 


ues Т 
А + | 
б-н нон, ^Q-H МИА ЖЫЛЫ 4 xg 
5 = e ——- о-н + њо О + H30 
O-H (6-H и j 
Е H20 (+ 1 resonance structure) 


18.27 Treatment of an aldehyde or ketone with two equivalents of alcohol results in the formation of an 
acetal (a C bonded to two OR groups). 


|| О О 
TsOH OCH pur OH  TsOH 
a. 27-9 + 2СНОН Razr [x 3 b. * но “< — Xs 
H3 
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18.28 Тһе mechanism has two parts: [1] nucleophilic addition of КОН to form а hemiacetal; 
[2] conversion of the hemiacetal to an acetal. 


OH Т5О-Н 
+ но“ + H20 
| overall reaction 
+ .. 
:0-н :O—-H HO 
© 
+ TsO З + Т5О-Н 
" OH hemiacetal 


OH OH ^ 
C" BS ” oS” өле 
Rt oe c 


4% о | м 
ве —в» + H20: 
+ TsO^ 


+ TsO-H 
carbocation 
re-drawn acetal 
18.29 
CHO OCH о а х 287122124, HS 
a oa ER Д + 2сњон | 5) С 5 > 
i H2504 3 Q HO 
о H20 О SH 
b ТЕ 
H2SO4 
o OH CH30 es н.о CH30 о 
& OCH3 2 
Н2504 
5 CH30 CH30 


с. SED А N Бе \ OH + pu" + 2 СНЗОН 
H5SO4 < 


18.30 


о Р О HO 2 
( JA H20 JA. : orcs 
о H25SO4 i H HO 


safrole formaldehyde 
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18.31 


НО 


но, А nes e 
ӛ О 
l | о” H 
о“ В | 
| 
acetal oleandrin 
18.32 Use an acetal protecting group to carry out the reaction. 
[e 
О О 9) О 9 
| Шлем ат [1] CH3Li (2 equiv) но" 
МИ TsOH o | но 
О ме 
о он он 
18.33 
са 


он 


[9] 
4— C1 
О -----:--- 
а. НО г - 2 b. H О 
= Са 
С5 C1 


| OH 
C5 C1 
18.34 
acetal 
о о 
acetal acetal 
HO,, О О 
у: О DES В о 
но“ Оў quet" о 
i H 
OH acetal OH . . 
monensin digoxin 
hemiacetal 
Ether O atoms are indicated in bold. 
18.35 The hemiacetal OH is replaced by an OR group to form an acetal. 
OH oC OH BN 
о + о HO 8 . Но - 
H H 
a. (ope Зоне b. + “Сон 
HO HO 


18.36 
но ОН 
а. а он 
5 stereogenic centers HO 
(labeled with *) CHO 
OH 
OH 
HO но ОН 
o [e 
b. HO e. 
da hemiacetal C HO OCH; 
H 
OH 9 
a-D-galactose 
Ho OH 
с. 9 
HO OH 
OH 
p-D-galactose 
18.37 


pas 8 
a. 3 H o^ 


3,3-dimethylbutanal cis-5-isopropyl-2- 
A methylcyclohexanone 
B 


NaBH, Whose 
OH 


b ТА 
CH30H 
H Hs 
CH3MgBr H20 К К 
21А > > 2; 
OH OH 
SA Ph3P=CHOCH3 ae OCH3 (+ cis isomer) 


АЈА - БТ 


mild н“ 
[9] 
НОСН>СН>СН>ОН 
5]А >- 
H* о 
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HO 
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мавн, " 
[1] B 
сњон HO 
CH3MgBr H20 
[2] B >- >- 
РАЗР-СНОСНа 
ІЗІВ 
ІГ 
осњ 
B ~ NH2 
mild H* SAn’ 
HOCH2CH2CH20H 


о 


[5] в - 
" C. 
о 


Ho" 


18.38 The least hindered carbonyl group is the most reactive. 


nes bod алал 


least reactive intermediate 
reactivity 


18.39 


most reactive 


О CHO 
A эы “Оа: 
о HO OH 
a. 
О он О 
b. y + Ж. 
о OH 


18.40 Use the rules from Answers 18.3 and 18.5 to name the aldehydes and ketones. 


о 


6 С ring = cyclohexanone 
a. 5-ethyl-2-methyl- 
cyclohexanone 


CHO 
b. trans-2-benzylcyclohexane- 
"n, carbaldehyde 
О 


o-nitroacetophenone 


NO; 


d. 6 С = hexanal 
CHO 3,4-diethylhexanal 
11 
е; 27 8 С = осјепопе 
(E)-2,5-dimethyloct-5-en-4- 
one 
f. 27 CHo 6 C = hexenal 


3,4-diethyl-2-methylhex-3-enal 


18.41 


18.42 


18.43 


о 


2 


(0) 


~ 
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о 
a. 2-methyl-3-phenylbutanal е. (R)-3-methylheptan-2-one 
О 
H 
b. 3,3-dimethylcyclohexanecarbaldehyde f. m-acetylbenzaldehyde 
CHO 
О о 
о 
с. 3-benzoylcyclopentanone 9. 2-sec-butylcyclopent-3-enone 
О 
О CHO 
d. 2-formylcyclopentanone h. 5,6-dimethylcyclohex-1-enecarbaldehyde 
CHO 
Br [fPh;P C К | Cl ПІРһаР / 
( 27 [2] BuLi СШ (+ Z isomer) [2] BuLi (+ Z isomer) 
[3] С6НБСН-СН-СНО [3] CH35CH2CH;CHO 


x 


H30* 


о 


О 
| e а + H 
Hor Ой 
н? 
db d 
NSAN 


mild 


------- 


М acid 
Е і 


О 
P * 
CeHs 


HO СМ 
НзО*, A 
CH3CH20H 


a 
О 


О 


са 
XJ 


о не 


М 
* (E апа Z isomers) 
Su 


CcHs 


О 
НО С 


[> 
о 
Я 
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(DU € De 0) 


18.44 
В 
О 
^ == В" 
ы о 


o 
О 
| / 
О 
/ 


18.45 


enamines 


оснз 


+ HOCH2CH3 
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18.47 
new stereogenic center 
O. он о. „он о. он | | 
CHO à An equal mixture of enantiomers results, so 
HO ibd — — Ж the product is optically inactive. 
A 
achiral new stereogenic center 
5 CHO ‚Н QH QH A mixture of diastereomers results. 
| А СА Бој А “120 "54 2Q Both compounds are chiral and 
x S OH OH + эз OH they аге not enantiomers, so the mixture is 
HO H B optically active. 


18.48 
Се H О | 
ІШ H30* | с T adt HO H 
a a 7 но A e a p 
[9] О а 
OH 
E 9 H30* О 
Ы но WU 
18.49 
acetal | enamine H OH | 
CUN њо" 23 но Na 
| — н о + 
РА 
N Нм 9 
ітіпе о 
18.50 
a, b. 


attenol A 


HO 


pinnatoxin A 


@ = acetal carbon 


= imine 
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18.51 
N N N 
а. b. 3 | 
N PA 
ш о 2 
ітіпе епатіпе епатіпе 
H30* H30* H30* 
Н2М 
Е NO О 
Н 
H PA 
о М 
О 
А . H о 2° атіпе 
T amine 
2" amine 
18.52 
OH acetal 
H 
a HO, О Di Ку 
А О 
acetal о" от: 

Н 


acetal O  etoposide 


cho S OCH3 
OH 


b. Lines of cleavage are drawn in. 


18.53 Electron-donating groups decrease the amount of hydrate at equilibrium by stabilizing the 
carbonyl starting material. Electron-withdrawing groups increase the amount of hydrate at 
equilibrium by destabilizing the carbonyl starting material. Electron-donating groups make the 
IR absorption of the С=О shift to lower wavenumber because they stabilize the charge-separated 
resonance form, giving the С--О more single-bond character. 
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a. Increasing stability: C< E< A<D<B 

b. Increasing amount of hydrate: B< D< A< E<C 

c. The most reactive compound is the aldehyde C. 

d. Compound В has the strongest electron-donor group so its carbonyl absorbs at the lowest 
frequency. 


18.54 Use the principles from Answer 18.18. 


2 dE a 
a. | = | Of 


1° alkyl halide precursor 2° alkyl hali 
yl halide precursor 
(ХСН-СН-СН-СН;) 
preferred pathway [(CH3CH2)2CHX] 


H 


PPh3 Pay hee 
+ O 


PPh3 


о 
b. prn ==” СТЕ ІН + — PhP-CH, or EN + сњ=о 


| 


methyl halide precursor 2* alkyl halide precursor 


CH3X 
а eiua (САО РС УНС) 


Сен СНБ CeHs 
с. 0:4 == О + РР“ ог PPh; + О = 
| | H 


1% alkyl halide precursor 2% alkyl halide precursor 
(CeHsCH2X) 
preferred pathway ( Y} X 
18.55 
О О 
ыыы кз Se e 
О H 
$ 
NH2 
b. Q~ ) фи ===> Em * HN ) d. Hn a e Ed d d 
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18.56 


One-step sequence 


Ph3P ү 


= 


ог 


[1] (CH3)2CHMgBr 


| сно 
СҮ CHO 


preferred route 
only one product formed 


Н2504 “5 27 
Two-step sequence: 2] H20 * 
2 
+ other alkenes that result from 
carbocation rearrangement 
18.57 
a. 
CH3OH 
One possibility: | осі 
2 CHO шы 
Б СНзС! Вг; om [PhP — S PPh; = 
2] Виц 
АС ћу [2] Buti | PEE (* Z isomer) 
| x PE 
bo Зе 
у—он des у= 
о 
OH Br 
1] Ph3P 
РВгз ПР? | ^" > | 5 
E [2] BuLi " 
18.58 
О So 
4 NaOH PCC CH3OH, Н? 
© B HO H s md 
| d e жаа сы " 
H 
=o 
Mg 


CH3CH3OH, H* 


(2 equiv) 


аған 
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K*-OC(CH3)3 
Br и Sree = TIONS p dads 
MgBr 
H 
)—0 CH3OH 
H 
OH 
pod но v PCC 
J} т С 
о OH 
H 
18.59 
CY но (У РСС (- нә ей / 
a. OH 9) - = М 
#2504 mild acid 
| NH3(excess) 
Bee ай 
| РВгз 
но ~“ 
CH30H 
OH О 
| РСС 
M9Br , 
a РСС Н 
[2] H20 MgBr 
(from a.) m СҮ 
о он [2] Но 
md СНАСЊОН 
(2 equiv) PCC 
О TsOH 
2 N 
18.60 
[uo 
он осн 
Ju 1] NaH 3 
АСВ WE 
(* ortho isomer) (ево 
CH3OH 
BuLi 
осн; 
А он 3 РОЈ 
i | 


CH30H 


{нсі 
[на 
(D m СІ E 


АСЗ ^ АСВ — 


(* ortho isomer) 
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oH / \ 
О Hy s d o Pik MMs 


PBr3 
b. P „ж uS „он ---- 0 iS) 
H* p wu [2]  DI(CHjscO - 


PCC [3] H20 я " 
ӨВ - о dt" H 
2] H20 


OH CHO 
PCC zA 
с M —— — e 
о 
Вг М9Вг 
Б Вг; Cy У -- 9 =. (СУТ 
FeBr3 
~ mild 
РВгз NH3 Вв SN yy | т 
Сон ———— в — > MN t? — H acid 
РАЧИ 
< 
CH3OH 


f © CHsCI O Вг; om NaOH €: PCC C 
AlCls hv 

О 

ee 


Br 2 NaNH NaH Е 
b. “он -HesO4. CH=CH Ex Poe. 2 He=cH a HesC Ne 
[1] 0504 О 
ШЕТІ [2] H20 
[2] NaHSO3, НО Н 
(from а.) 
gi т О он 


— О HO OH —— Е РСС ——* 
TsOH | 
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18.62 
Ho ы ПІ (о | У 
OH Mg OH 
В“ “сно а BMg “ут 9 ы 
ius ей b.) mmo 
H20 
H* 
OH 
СИ оне 
А 
18.63 
а, Б. << + ман“ - (8 Gal 36% --- ЕС + CI- 
2% =e CH 
pu 77 х=р 
+ 
TERES Na methoxy methyl ether 


acetal boxed in VN 


H 
d Ў К Е I^ vs м < Је 
АРАДАЦ Н-ОН А On 25 с 
© DN m =. ЕЕЕ * = 
+ H20 + HOCH3 
(The three organic products are boxed in.) О-сн, S o 
i 
Sy a 
+ 
+ H30 
H 
aq e +67 5 Он 
mx V 2 лен 52 * ye 
+ CH2— OH 
ix 
H20 | 
CH2=0| + H30 --- СН;-О-Н H20 
O Ж 
18.64 
H T ON H H H 
| | 728 ЊО оні HO: | нон; Hor | ,H 
F N N .. N+ 
As с J 
+ 
к | H20 
H—OH5 (* 1 resonance structure) 2 
8: à: oie nj 
УЖИ Ў? 
+ 2 
129; + NH NH2 NH2 
+ 
+ Hz OH» (+ 1 resonance structure) 
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18.65 
OH О 
H2SO, 
pee. + X DW GA 4 УВЫ 
( он 9 
+ он 
27 2 X 
OH HSO ds 
| 
M Ig ое у 
Е pac ———- Роа но ~ а" ІШ 
a (+ 1 resonance OH 
structure) 
+ HSO% 
OH | + 
Н-О5ОзН 
| | 
О + 
О О о Фо 
жы x —1 
(жее e CSI E ee |: 
9 Ө: 9н он 
H (* 1resonance + HSO4 
+ Н;504 structure) 
HSO47 
18.66 
с аты» * 
О О :OH Н-СІ О ТОН 
2 € dE 
CF3 м CF3 Ar CF3 Ar СЕз + СЕ 
proton 
Ar'NHNH> ease Ar'NHNH Ar'NHNH 
+ 
L~~ 
Ar 
NHNH> 
H „Н + Но 
2NSO2 о Ar SN Ar SN 
О Ne | | 
N ' 
Аг' АМЧ Аг ЧН 
Аг ди `н Аг H 
proton + HgO* 
transfer 
СЕз СЕз Кб СЕз 
ИЕ ит о “м Пп NN as 
н-а HO | ` нњо 417 № ^N —=* | г СЕз 
л : = N+ . 
52 \ У/ \ \ 
Аг Аг' Аг Аг' Аг Аг' 
+ H30* 
Н-М5О- 
* СГ ` 
celecoxib 
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18.67 Тһе ОН groups react with the С-О in an intramolecular reaction, first to form а hemiacetal, and 
then to form an acetal. 


О 


viue РЯ O OH OH оо 
QA OO 


OH adds here to form a hemiacetal. 
Then, the acetal is formed by a second СоН|6Оҙ 
intramolecular reaction. 


hemiacetal 


18.68 


Ж wi А 
E - От ÉD + H-OH 
+ H30* Е + > 
or e ax 
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18.69 
a ХАТА H E " 
[5 FUORI LO OH OH 
б 


ты um 
А x OH 4CH NH 
мы ме у 
S | | 5 | 
H H H 
(* 1 resonance structure) + н-а 


* о ы 


18.70 


А. t 
H :OH H-OH; 


H :0: 
: + | | 
HO md proton HO rt 5: 
Hot 27 H transfer Je e 
HO HO 


dopamine 
E 
H соз? 
| 
ne HO HO HO MC 
NH 7  —— = 
НО HO ӘРИ 0 ie 
ГЕ + но: 
salsolinol ир, ) А 
ved: H20: (+ 1 resonance structure) 


(* 3 more resonance structures) + НО: 


(* 1resonance structure) H20: г 


+ H-0-CH; 
18.72 


сусіоргорепопе 
(1640 ст”) 


| 
pio - fg рев ер 


These three resonance structures include an 
aromatic ring; 4n + 2 = 2 т electrons. 
Although they are charge separated, the 
stabilized aromatic ring makes these three 
structures contribute to the hybrid more 
than usual. Because these three resonance 
contributors have a С-О single bond, the 
absorption is shifted to a lower 
wavenumber. 


18.73 


A. Molecular formula C5H;90 
IR absorptions at 1728, 2791, 2700 ст“! 
NMR data: singlet at 1.08 (9 H) 

singlet at 9.48 (1H) ppm 


== C-O, CHO 


v. (СНО 


1 degree of unsaturation 


— —- 3 СНз groups 
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HO: 

Осн; OCH; 
OCH3 Сосн» + H20 
2 | 

| г | 
нон; 

+ 


Ко (+ 1 resonance cid 


cyclohex-2-enone 
(1685 ст”) 


There are three resonance structures for 
cyclohex-2-enone, but the charge-separated 
resonance structures are not aromatic, so 
they contribute less to the resonance 
hybrid. The C=O absorbs in the usual 
region for a conjugated carbonyl. 


CHO 
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B. Molecular formula СНО 
IR absorption at 1686 cm"! 
NMR data: 


—— > 


triplet at 1.21 (3 H) 
singlet at 2.39 (3 H) 
quartet at 2.95 (2 H) 
doublet at 7.24 (2 H) 
doublet at 7.85 (2 Н) ppm --- 


— 


— 


— 


— 


C. Molecular formula СоН120 
IR absorption at 1719 ст“! 
NMR data: 


— 


triplet at 1.02 (3 H) 
quartet at 2.45 (2 H) 
singlet at 3.67 (2 H) 


—- 


—— 


5 degrees of unsaturation (4 due to а benzene ring) 


CH3 adjacent to 2 H's 
CH3 
СН» adjacent to 3 H's 


2 H's on benzene ring 


2 H's on benzene ring 


5 degrees of unsaturation (4 due to a benzene ring) 


CH3 adjacent to 2 H's 
2 H's adjacent to 3 H's 
CH2 


С-О 
Cue 


multiplet at 7.06-7.48 (5 H) ppm — а monosubstituted benzene ring 


18.74 


С7НавО>: O degrees of unsaturation 
IR: 3000 ст”!: С-Н bonds 
NMR data (ppm): 
На: quartet at 3.8 (4 H), split by 3 H's 
Нь: singlet at 1.5 (6 H) 
Не: triplet at 1.2 (6 H), split by 2 H's 


18.75 


A: Molecular formula CgH490 

5 degrees of unsaturation 

IR absorption at 1700 ст“! > С=О 

IR absorption at -2700 ст“! — CH of RCHO 

NMR data (ppm): 
triplet at 1.2 (2 H's adjacent) 
quartet at 2.7 (3 H's adjacent) 
doublet at 7.3 (2 H's on benzene) 
doublet at 7.7 (2 H's on benzene) 
singlet at 9.9 (CHO) 


18.76 


C. Molecular formula CgH4203 
1 degree of unsaturation 
IR absorption at 1718 ст“! — С-О 
NMR data (ppm): 
singlet at 2.1 (3 H's) 
doublet at 2.7 (2 H's) 


СНз ea; Нь 
| 
CHsCH2—0-C- 0- CHCH 


| CH3 | 
На | На 
Њ 


Не Не 


O осњ 


оснз 


singlet at 3.3 (6 H's - 2 OCH3 groups) 


triplet at 4.8 (1H) 


18.77 


HO 
HO 


OH 
-ОН 


CHO 
OH 
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18.78 
OH 
dee 
HO 2 E 
HO 
OH OH 
p-D-glucose 


n E E HCI 
Hg acetal 
OH 


:OCH3 


The carbocation is trigonal planar, so CH3OH attacks from two different 
directions, and two different acetals are formed. 


18.79 
О 
Е) 
+ НЅ04- (+ 1 resonance structure) HSO,- 
4 
18.80 
О 
; ra 
О 
brevicomin 
О HO ) ( 
Б P ы M а ОИ” 
Br н" Вг [2] виц И Se; о 
РСС 
© 5-55 NS on 
О OH / \ OH Гү 
H30* њо? О О [f] О504 оо 
Бгемісотіп 
[2] NaHSO3, H20 Жыры 
он он (* 2 isomer) 
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18.81 
a: , 
.. N SE 
:OCH3 Go 
CH30 A T CH30 25 Т сно 
OCH3 OCH3 
yee н;0 
АН H20 
О 12 
H OCH3 СНЗО “Сн 
+ њо" ‚ CH3ỌH 
( снзон 
£C Cg i 
О О: -- [9] OH 
СНз 
оснз “09 
о о OH 
OCH3 OCH3 se 
5 но 
+ H30* 
18.82 
OH acetal carbon 
О 
а HO 
H OH 
ды! о 
HO он 


НО N 
hemiacetal carbon 


[2] CH3OH, HCI "o 


HO 
OCH3 


CH30 9) 
[3] NaH (excess) 


CH30 
CH3l (excess) E 


CH30 оснз 


СНз 
| 
‚02 OCH3 
О Ou ox = 5 и + HaO* 
OH .. OH 
о н>б 9 r 
Н 
CH3OH | 
OCH3 
о + OCH; О S 
СОН? 
+ 
+ H20: 
OCH3 OCH3 
CH30 о x HO о 
CH30 CH30 
CH30 OH CH30 OH 


OH -— (ОН can be up or down.) 


о [9] 
CH30 OCH3 


OCH3 


(OH can be up or down in both products.) 


OCH3 <-- (ОСН: can be up or down.) 
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18.83 
OH «ОН 
о | [1] Оз о | NaBH4 
"uw. |21(СНз)р5 “уға CHO CH3OH 
CH30 CH30 
Mechanism of R — S: 
OH OH OH 
О О 4 7] 
Ш. С Ж? 22 Ns 
CH30 SH CH30—H ЭН pu 
( R + 
H—-OSO2R А 
+ 7050,8 .. 
id 2 снҙ0-н 


18.84 Тһе mechanism involves 5,2 displacement of Br, followed Бу intramolecular enamine formation. 


proton 
transfer 


HN 
у TIT 
+ НСОз + НО 
М О 
< )—NH 
О 


conivaptan 
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Chapter 19 Carboxylic Acids and Nitriles 

Chapter Review 

General facts 

е Carboxylic acids contain a carboxy group (СООН). The central carbon is өр” hybridized and 
trigonal planar (19.1). 

e Nitriles contain a cyano group (CN). The C atom of the C=N is sp hybridized and linear (19.1). 


Summary of spectroscopic absorptions (19.3B) 


Carboxylic Acids 
IR absorptions С-О ~1710 cm” 
О-Н 3500-2500 cm (very broad and strong) 
'H NMR absorptions O-H 10-12 ppm (highly deshielded proton) 
C-H o to 2-2.5 ppm (somewhat deshielded Сӛр -Н) 
COOH 
"C NMR absorption С-О 170—210 ppm (highly deshielded carbon) 
Nitriles 
IR absorption —С=М 2500 cm” 
"C NMR absorption -С-М 115-120 ppm 


General acid-base reaction of carboxylic acids (19.7) 


б: | . . . . . 
at p Р - Я e Carboxylic acids аге especially acidic 
е; SS o: т GUB because carboxylate anions are 
RS md resonance stabilized. 
рк, = 5 carboxylate anion NUM 
e For equilibrium to favor the products, 
the base must have a conjugate acid with 
a pK, > 5. Common bases are listed in 


Table 19.4. 
Factors that affect acidity 


Resonance effects. A carboxylic acid is more acidic than an alcohol or phenol because its conjugate 
base is more effectively stabilized by resonance (19.7). 


OH о 
ROH or R 
OH 


pK, = 16-18 pK, = 10 pK, e 5 


Increasing acidity 
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Inductive effects. Acidity increases with the presence of electron-withdrawing groups (like the 


electronegative halogens) and decreases with the presence of electron-donating 
groups (like polarizable alkyl groups) (19.8). 


Substituted benzoic acids (19.9). 


Electron-donor groups (D) make a substituted benzoic acid less acidic than benzoic acid. 
Electron-withdrawing groups (W) make a substituted benzoic acid more acidic than benzoic 


acid. 
COOH COOH COOH 
Чоо 127% 


less acidic " more acidic 
higher pK; рКа = 4.2 lower pK, 
pK, > 42 pKa < 42 


Increasing acidity 


Nitrile synthesis (19.12) 
Nitriles are prepared by 5,2 substitution using unhindered alkyl halides as starting materials. 


R-X + “CN ---- R-C=N + X 


В = СЊ, 1° Sn2 
Reactions of nitriles 
[1] Hydrolysis (19.12) 
О О 
H20 
R-C=N > 
(Н? or "ОН) лей e к 
(with acid) (with base) 
[2] Reduction (19.12) 
[1] LiAIHA в“ NH, 
[2] H20 
T amine 
R-C=N 
[1] DIBAL-H 9 
[2] H20 R А H 
aldehyde 


[3] Reaction with organometallic reagents (19.12) 


' WG о 
R—CZN [1] R'MgX or R'Li - E 
[2] H20 R R' 
ketone 
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Other facts 

e Extraction is a useful technique for separating compounds having different solubility properties. 
Carboxylic acids can be separated from other organic compounds by extraction, because aqueous 
base converts a carboxylic acid into a water-soluble carboxylate anion (19.10). 

e Amino acids have an amino group on the a carbon to the carboxy group [RCH(NH,)COOH |]. 
Amino acids exist as zwitterions at pH ~ 6. Adding acid forms a species with a net (+1) charge 
[RCH(NH,)COOH]. Adding base forms a species with a net (C1) charge ГЕСН(МН,)СООГ 
(19.11). 


Practice Test on Chapter Review 


1.а. Give the IUPAC name for each of the following compounds. 


сон 
HE anm 


b. Draw the structure corresponding to the following name: sodium m-bromobenzoate. 
2.a. Which of the labeled atoms is least acidic? 
H О О 


о O-Ha 1. Ha 2. Hp 3. He 4. Ha 5. He 
He He 


b. Which of the following carboxylic acids has the lowest pK,? 


COOH COOH COOH COOH COOH 
CH3 СІ CH3O 


ON 


c. Which compound(s) can be converted to A by an oxidation reaction? 


CO5H OH 
2. 
5. Compounds (1), (2), and (3) can all 
О А OH be converted to A. 
OH 
1. 3. 
О OH 


4. Both (1) and (2) can be converted to A. 


e 
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3. Rank the following compounds in order of increasing basicity. Label the least basic compound as 1, 
the most basic compound as 3, and the compound of intermediate basicity as 2. 


— ом-( ceo (pe 


4. Draw the organic products formed in each of the following reactions. 


HS "ES [f] NaCN 
T a 
Bes Т NaOH | Б, CT 
м СООН (1 equiv) [3] H20 


[indicate stereochemistry] 


соон ман | [1] NaCN 
b H =o T $ 
ч (1 equiv) [2] CH3CH2MgBr 
Br [3] H20 


5. What reagent is needed to convert CH,CH,CH,CN to each compound? 
a. CH,CH,CH,COOH c. CH,CH,CH,COCH,CH, 
b. CH,CH,CH,CH,NH, d. CH,CH,CH,CHO 


Answers to Practice Test 


1.а. [1] cis-2-methylcyclo- 2.а.1 3.А-2 4а. d. 
pentanecarboxylic acid b. 5 B-1 M aH 
[2] 5-ethyl-2-methyl- с.5 C-3 |” мА чњ 
heptanenitrile P 7600 
b. b. e 
COO" ма“ 2 
соо 
О” Oy 
О 
Вг с. 


on 5.a. НО" 
4“ b. [1] LiAIH,; [2] H,O 


| c. [1] CH,CH,Li; [2] НО 
d. [1] DIBAL-H; [2] НО 


Answers to Problems 
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19.1 To name a carboxylic acid: 
[1] Find the longest chain containing the COOH group and change the -e ending to -oic acid. 
[2] Number the chain to put the COOH carbon at C1, but omit the number from the name. 
[3] Follow all other rules of nomenclature. 
О 
3^2 4 2 
z 1 с: 1 ОН 
О OH 
Number the chain to put COOH at C1. Number the chain to put COOH at C1. 
6 carbon chain - hexanoic acid 6 carbon chain - hexanoic acid 
3,3-dimethylhexanoic acid 2,4-diethylhexanoic acid 
Br О 
4 2 
Б. 3 1 OH d. 
CI F 
Number the chain to put COOH at C1. 
5 carbon chain - pentanoic acid Number the chain to put COOH at C1. 
3-bromo-4-chloro-2-fluoropentanoic acid 9 carbon chain - nonanoic acid 
4-isopropyl-6,8-dimethylnonanoic acid 
19.2 
а. 2-bromobutanoic acid c. 3,3,4-trimethylheptanoic acid e. 3,4-diethylcyclohexanecarboxylic 
acid 
о О 
О 
HO OH 
Br HO 
b. 2,3-dimethylpentanoic acid d. 2-sec-butyl-4,4-diethylnonanoic acid f. t-isopropylcyclobutane- 
carboxylic acid 
О о 
НО OH COOH 
19.3 
о 
а. a-methoxyvaleric acid а Е с. a,B-dimethyleaproic acid VAY OH 
H 
о 
OCH3 О 
b. В-рһепуІргоріопіс acid О С! 
d. a-chloro-6-methylbutyric acid 
p OH 
Б OH о 
О 
19.4 
а. ош b. Ма’ О H c. ок а. O ма 


lithium benzoate sodium formate 


Br 
potassium 2- 
methylpropanoate sodium 4-bromo-6-ethyl- 


octanoate 
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19.5 
ws "de Na* 
C2 
2-propylpentanoic acid sodium 2-propylpentanoate 
19.6 
1CN CI 
PD ја b 7 
| 24-6 c. 
3 5 
NC 2 
1 
4-chloro-2-methylhexanenitrile 2,3-diethyloctanenitrile 2-isobutyl-4,5-dimethylheptanenitrile 


19.7 More polar molecules have a higher boiling point and are more water soluble. 


on (о OY 


least polar intermediate polarity most polar 
lowest boiling point intermediate boiling point highest boiling point 
least H20 soluble most H20 soluble 


19.8 Look for functional group differences to distinguish the compounds by IR. Besides sp” 
hybridized С-Н bonds at 3000-2850 cm” (which all three compounds have), the following 


functional group absorptions are seen: 


OH 
"I NP Ж О 
Са а № А 


carboxylic acid ester alcohol 
2 strong absorptions 1 strong absorption 1 strong absorption 
~1710 (C=O) ~1700 (C=O) ст”! -3600-3200 (OH) ст" 


~2500–3500 (OH) ст“! 


19.9 

но 

р Е „Тм 

| = COOH There are five tetrahedral stereogenic centers 
v labeled with (9. Both double bonds can exhibit 

E У cis-trans isomerism. Therefore, there аге 

HO ӛн 27 - 128 stereoisomers. 
РсЕҙа 
a prostaglandin enantiomer 
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19.10 1° Alcohols are converted to carboxylic acids by oxidation reactions. 


о О 
а. Зи ми SSN Хон 2 Сү” —> Ceo 
О 
b. Y^ = Ё 


19.11 
о 
OH =— 2 OH О 
СгОз СгОз 
OH б Б: OH d. OH —> OH 
a. H5SO4, НО ) Н,504, НО 
р тон О 
А о 
Вг M 
o = [1] Mg OH 
E [1] Оз xe [2] CO; 
^. ню OH r^ E Ізін ~ o 
B [2] H2 (2 equiv) 
О О О 
Ag20 
TN os " у у а үчү 
- on \— о OH 3 о он 
| ON F 
c 


(Any R group with benzylic H's 
сап be present para to МО.) 


19.12 


NaOH NaH 
a. COOH СОО” Ма" --- " Ма“ +H 
Eh H20 
NaOCH3 = NaHCO. 
b. -4 )—°н POT -4 )—° ма” а. "E 3 Е Ма" 


+ HOCH3 + H2CO3 


19.13 CH,COOH has a pK, of 4.8. Any base having a conjugate acid with a pK, higher than 4.8 can 
deprotonate it. 
а. F рК (HF) = 3.2 not strong enough 

. (CH,),CO™ pK,[(CH,),COH] = 18 strong enough 

. CH, pK[(CH,) = 50 strong enough 

. NH,pK,(NH,) = 38 strong enough 

. CI pK(HCI) = —7.0 not strong enough 


о со c 
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19.14 


Increasing acidity: Ha < Hp < He 


он, 


H 


negative charge on C 
unstable conjugate base 


mandelic acid 


negative charge on O 
more stable conjugate base 


negative charge on O, 
resonance stabilized 
most stable conjugate base 


19.15 Electron-withdrawing groups make an acid more acidic, lowering its рК. 


О О О 
CM 3 Д F 
OH OH OH 
FF 
least acidic one electron-withdrawing group three electron-withdrawing F's 
pk, = 4.9 intermediate acidity most acidic 
pK, = 3.2 pK, = 0.2 
19.16 
О О О 
pono ю АД 

OH OH OH 

least acidic intermediate most acidic 
acidity 
19.17 
О О О 
OH OH OH 
a. 
CI 
least acidic intermediate most acidic 
acidity 
О О О 
он он OH 
b. 
“о 
least acidic intermediate О most acidic 
acidity 


Carboxylic Acids апа Nitriles 19-9 


OH Phenol A has a higher pX, than phenol because 
ae of its substituents. Both OH and C,,H,, аге 
electron-donating groups, which make the 


A conjugate base less stable. Therefore, the acid 
is less acidic. 


19.18 


19.19 То separate compounds by an extraction procedure, they must have different solubility 

properties. 

а. CH,(CH,), COOH and CH,CH,CH,CH,CH=CH,: YES. The acid can be extracted into aqueous 
base, while the alkene will remain in the organic layer. 

b. CH,CH,CH,CH,CH=CH, and (СН,СН,СН,),О: NO. Both compounds are soluble in organic 
solvents and insoluble in water. Neither is acidic enough to be extracted into aqueous base. 

c. СН,СН,)/СООН and NaCl: one carboxylic acid, one salt: YES. The carboxylic acid is 
soluble in an organic solvent, whereas the salt is soluble in water. 

d. NaCl and KCI: two salts: NO. 


19.20 
a. phenylalanine b. methionine 
co ‘eh | ce 
H NH НУ н H кан РА 
2 2 2 CH2CH2SCH3 CH3SCH2CH2 2 
R S 
R S 


19.21 Amino acids exist as zwitterions (i.e., salts), so they are too polar to be soluble in organic 
solvents like diethyl ether. Instead, they are soluble in water. 


19.22 
о О О 
+ + 
H А H д = д n A > 
3 OH ? о | Ө 
pH =1 glycine pH = 11 
neutral form 
19.23 
| О 
pK,(COOH) + pKa(NH3*) 2.58) + (9.24 x 
ara È 2.58) + (9.24) - 591 НМ о 
2 2 
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19.24 
О О 
+ + 
H АД H АД - 
1 OH 1 о 
electron-withdrawing group The nearby (+) stabilizes the conjugate base by an electron- 
withdrawing inductive effect, thus making the starting acid 
more acidic. 
19.25 
но, тон 
"EU а Br | NaCN Pe: 5 xdi d 2 LOGS 
CN coo 
CN А COOH 
CN COOH 
19.26 
О OH 
NH NH» 
. HaN HN s — 4 
a 2 —= С он о 
OH о OH OH 
NHCH3 NCH3 
19.27 
O Вг [1] NaCN O [1] DIBAL-H 9 
а. и и NH2 b. ( СЕМ »- 
[2] НАНА [2] H20 H 
[3] H20 
19.28 


1] (CH3)3CMgBr 


Г 
oe 


[2] H20 


OCH3 CN 


К СМ ? 
[2] H20 
о 
С =" H30* 
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19.30 
О 
ZA О 
[1] MgBr 1] CH3MgBr 
CH3—C=N е P RM 9 [f] CH3Mg 
[2] H20 [2] H20 
19.31 
1 „СООН 
A B 
a. 2,5-dimethylhexanoic acid а. 3-ethyl-3-methylcyclohexanecarboxylic acid 
NaOH NaOH 
b. О р. СОО” ма" 
c. sodium 2,5-dimethylhexanoate c. sodium 3-ethyl-3-methylcyclohexanecarboxylate 
OH 
d. An alcohol or ether would have a much d. 
higher pK, than a carboxylic acid. OH 
OH O 
Ads 
19.32 
: COOH В СООН СООН 
СЕз 
least acidic intermediate acidity most acidic 
19.33 
1CN 
а 68-2 2 
с 
2-ethylhexanenitrile 
COOH 
[1] Но“ 
b. С 
COO 
BON Sen hy 
с ———— <р 
H20 


о 


4] LiAIH H20 
с ae А "S 
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О 
а. е. 
OH 


4,4,5,5-tetramethyloctanoic acid 


о 
b. 2 и 
ош 


lithium 2-ethylpentanoate 
сон 


19.34 


= 


1-ethyl-3-isobutylcyclopentane- 
carboxylic acid 


Br CO2H 
| ОЈ | 
NO2 
5-bromo-4-ethyl-2-nitrobenzoic acid 


19.35 


a. 3,3-dimethylpentanoic acid dE n он 
О 


СІ 


OH 
b. 4-chloro-3-phenylheptanoic acid 


с. (R)-2-chloropropanoic acid 
d. m-hydroxybenzoic acid 


СІ 
‚е: 
О 
о 
ед 


e. potassium acetate О 


Ра к 


19.36 


lowest boiling point 


intermediate boiling point 


O- Ма" 


sodium 2-methylhexanoate 


COOH 
aC 


7 5 


7-ethyl-5-isopropyl-3-methyldecanoic acid 


1 CN 
2-ethyl-3-propyloctanenitrile 


О 
f. sodium a-bromobutyrate у а Мат 
Вг 
О О 
g. 2,2-dichloropentanedioic acid 
HO OH 
СІ СІ 


h. 4-isopropyl-2-methyloctanedioic acid 


HO 
OH 


О 
i. 3,3-dimethylpentanenitrile 


сем 


j. 4.5-diethyl-2-isopropylInonanenitrile 


highest boiling point 
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19.37 
Bases: [1] “OH рКа (H20) = 15.7; [2] CH3CH27 pKa (CH3CH3) = 50; [3] МН» рКа (NH3) = 38; 
[4] NH3 pKa (МНА?) = 9.4; [5] НС=С“ pK, (HC=CH) = 25. 
a. Е р. a jo с. (СНз)зСОН 
pk, = 4.3 pKa = 9.4 рКа = 18 
All of the bases “ОН, CH3CH27, “NH3, and НС=С“ СН3СН;”, “NH2, апа НС-С” 
can deprotonate this RCO2H. can deprotonate this phenol. can deprotonate this ROH. 
19.38 
OH + МН. => әл» О + мн, 
E о лыш? 3 E Reaction favors reactants. 
рКа = 16 рк, = 9.4 
b OH + ма NH; = * * + Nat 
Cp e 2 2 NS А Reaction favors products. 
Ка = 38 
pK, =10 dm 
с СООН + сну“ = coo М + CH, Reaction favors products. 
pK, =4 pKa = 50 
а. OH + NaCO О-Ма* + Ма’ HCO, | With the same рКа for the starting acid 
and the conjugate acid, an equal amount 
pKa = 10.2 of starting materials and products is 
pK; = 10.2 present. 
19.39 
О О 
OH 
OH OH OH 
O2N 
о 
А B с D 
phenol carboxylic acid with an carboxylic acid with an alcohol 
electron-withdrawing group electron-donor group 


Increasing асіайїу: р < А < C < B 
The weakest acid (D) had the strongest conjugate base. 
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19.40 
Ж Н, least acidic, unstable conjugate base with а (—) charge on carbon 
“У Se Д. acidic H 
N рап of a carboxylic acid 
most highly stabilized conjugate base 
caftaric acid 
Ж OH 
M OH 
Increasing acidity: Нь < Не < Ha < На 
19.41 


weakest base intermediate basicity strongest base weakest base intermediate basicity strongest base 


19.42 Тһе OH of the phenol group in morphine is more acidic than the OH of the alcohol (pK, ~ 10 
versus pK, ~ 16). KOH is basic enough to remove the phenolic OH, the most acidic proton. 


most acidic proton — —* HO е) 
The OH is part of a phenol. 23 
Methylation occurs here. 
1] KOH 
HO HO 


HO 
d 
an alcohol I 


Many resonance structures 
stabilize the conjugate base. 


É s 5 | pe 
2] CH 
о 188 о о о 
М М М N 
у у у A 
о HO HO HO 


codeine 


19.43 
a. The negative charge on the conjugate base of p-nitrophenol is delocalized on the NO, group, 
stabilizing the conjugate base, and making p-nitrophenol more acidic than phenol (where the 
negative charge is delocalized only around the benzene ring). 
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Her ©: a phenol (+ 4 resonance 
p-nitrophenol Ёё pK; = 10 ОЕ 
рк.=7.2 two о the possible resonance structures for the conjugate base 
а= 7. 


[See part (b) for all the possible resonance structures.] 


b. In the para isomer, the negative charge of the conjugate base is delocalized over both the 
benzene ring and onto the NO, group, whereas in the meta isomer it cannot be delocalized 
onto the NO, group. This makes the conjugate base from the para isomer more highly 
resonance stabilized, and the para-substituted phenol more acidic than its meta isomer. 


pK, =7.2 :0: :0: | 
p-nitrophenol 


negative charge on 
two O atoms 


O: 
very good resonance structure Ed 
more stable conjugate base 
stronger acid ON 
| он | о: | 20: | „О: | Q: 5: 
МО; МО; МО; МО; NO2 МО; 


pK, = 8.3 
m-nitrophenol 


19.44 A СН,О group has an electron-withdrawing inductive effect and an electron-donating resonance 
effect. In 2-methoxyacetic acid, ће OCH, group is bonded to an өр” hybridized C, so there is no 
way to donate electron density by resonance. The CHO group withdraws electron density 
because of the electronegative O atom, stabilizing the conjugate base, and making 
СН,ОСН,СООН a stronger acid than СН,СООН. 


О -Ht :0: 
CH3O s CH30 woe 
T .. ^ 
more acidic acid more stable conjugate base 


In p-methoxybenzoic acid, the CH,O group is bonded to an sp” hybridized С, so it can donate 
electron density by a resonance effect. This destabilizes the conjugate base, making the starting 
material less acidic than C.H, COOH. 

20: 


/ \ О : A /3 № А : r " :0: 
CHO _ i H cO ? CH =, 


less acidic acid like charges nearby 
less stable conjugate base 
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19.45 Phenol has a pK, of 10, making p-methylthiophenol (pK, = 9.53) the stronger acid. A substituent 
that increases the acidity of a phenol must withdraw electron density to stabilize the negative 
charge of the conjugate base. An electron-withdrawing substituent deactivates a benzene ring 
toward electrophilic aromatic substitution, making p-methylthiophenol less reactive than phenol. 


CY OH їй OH 
CH3S 


stronger acid 
less reactive in electrophilic 
substitution 


19.46 


The O in Ais more electronegative than the N in C, so there is a 
stronger electron-withdrawing inductive effect. This stabilizes the 
conjugate base of A, making A more acidic than C. 


| ТЕ 


Since the О in A is closer to the COOH group than the О 
atom in B, there is a stronger electron-withdrawing 
inductive effect. This makes A more acidic than B. 


19.47 


_ О 
О о О 
ON on 7-< 

О 


Тһе benzene ring is bonded to the а. The electron-withdrawing inductive The NO; group is bonded to a benzene ring that 
carbon (not the carbonyl carbon), so this effect of the МО; group helps is bonded directly to the carbonyl group, so 
compound is not much different than stabilize the COO- group inductive effects and resonance effects stabilize 
any alkyl-substituted carboxylic acid. у : 254 | the conjugate base. For example, а resonance 
least acidic intermediate acidity structure can be drawn that places a (+) charge 
close to the СОО” group. 


Two of the resonance structures for the conjugate base of C: most acidic 


ds Бр 50: \+ O 
а авео 


unlike charges nearby 
stabilizing 
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19.48 a. The pK, of phthalic acid is lower than the pK, of isophthalic acid because the electron- 


19.49 


withdrawing CO,H is closer to the negatively charged CO, of the conjugate base. 
OH 5 


О -H* О 
о о 


stabilizes the conjugate base 
OH OH by electron withdrawal 
phthalic acid 
stronger acid 

lower рКа 


HO о” 


isophthalic acid | 


| farther away 
weaker acid 


b. After loss of the first proton, each compound now has one CO,H group and one CO, . The 


CO, is electron donating, so the closer it is located to the СОН, the more it destabilizes the 


resulting conjugate base. 


о” О 
О -H* о | 
А Negative charges аге closer— 
О 07-7 less stable. 
OH О 


weaker acid 


stronger acid 
lower рКа? 


farther away 


О О o 
p ) маон E mu The resonance-stabilized carboxylate anion can 
OH о О now be protonated on either О atom, the one with 
the label and the one without the label. 
| | H30* | Нзо* 
labeled O atom о он 
A * * The label is now in two different locations. 
OH О 
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19.50 
О 
а. На Hc © 
loss of Hp: H He 
2 The most acidic proton forms the most 
Hp о _ stable conjugate base. 
О 
cyclohexane-1,3-dione one Lewis structure 
increasing acidity: Нь < Ha < He least stable conjugate base 
:0: :0: :0: ОГ :О: 
loss of Ha: ~ He | He 1055 of Hc Ha Ha | На 

Hp о Њ О Њ о: Њ о: Hp БОА 
2 resonance structures 3 resonance structures 

intermediate stability most stable conjugate base 

Hp _ 
| N NS М. 
ун loss of Hy: үн X NC он XU SI H 
О :0: :0: 20: 
Ha Ha Ha = н, уя 
acetanilide | 7 resonance structures 
increasing acidity: Ha < He < Hp most stable conjugate base 


JY E O 
"ol ovr (X D 


Ha 
one Lewis structure 
least stable conjugate base 2 resonance structures that delocalize the 
negative charge 
intermediate stability 
19.51 
20: 20: :0: 
y 4% E uem КК ses pp — 5 ws gh 
NH2 N N 
acetamide 4 O is more electronegative than N, making the 
somewhat less stable conjugate base of CH3COOH more stable 
with the (-) charge on М than the conjugate base of acetamide. 
Therefore, acetamide is less acidic. 
О О о: 
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19.52 
о 
H3SO4, НО 
== KMnO4 
b \ / > HOOC COOH 
10 
с. с. за ( у—соон + со; 
[2] H20 
о 
Na2Cr20 Ре 
d ДУ ТУ ЛУ О УОН 82-297 он 
H3SO4, НО 
e CN M ^. МОВ" 
T [2] H20 
о 
[f] NaCN TE 
f. Br [on 
ӘС“ руно, он 
19.53 
ПІВнз он did 
O E Oum 
[2] H202, "ОН Н2504, НО 
А 2 4 2 B 
О О 
[1] NaNH2 [1] NaNH? [1] Os за E 
b. HCz CH > mn > == > + 
[2] Снз1Ї [2] Сен; [2] H20 он он 
с D E + Е 
(CH3)2CHCI KMnO4 2261 
с. 
АСВ 
G H 
4. СТ” NaCN oc [1] DIBAL-H Co Ag 0, NH4OH fcr 
Br Br [2] H20 Br Br 
I J K 
19.54 
~ PAS 
у BER а мснен (ү ү” 
М Ум 
(T s [2] H20 ge. o 
H 
p. USD. при 7000 e ован “үр 
“и [2] H;O ци 0 
p m № 
о 1снмов ү m d to UAM, | 
[2] H2O “ж О [2] HO “ж 
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19.55 
о 
WO RS [Масы е-е 
а. 2 ~ он 
H D [2] H20, H* D 
(512 inversion) 
[1] Mg 
н / Br [2] CO2 H / COOH 
[3] Нҙ0” 
О 
" ii S S [1] ЦАЈНА 
R [2] H20 
4 CY [1] DIBAL-H 
Рт [2] H20 
19.56 


COOH ө Dissolve both compounds in CH,Cl.. 
е Add 10% NaHCO, solution. This makes a carboxylate 
A B anion (C,,H,COO ) from B, which dissolves in the 
aqueous layer. The other compound (А) remains in the 
CHCL. 
e Separate the layers. 


19.57 
О 
OH OH 

F ES 
| СНСЬ 
| 10% МанСОз 

| aqueous сњо, 
О 


он он 
S ыы O | СҮ 


| 10% NaOH 


| aqueous | СН-СІ; 


CY Na* б „ОН 


Carboxylic Acids апа Nitriles 19—21 


19.58 
О 
9 on 
Hoo 
A B с 
A and С are neutral organic compounds that are soluble in СН,СІ, and insoluble in any aqueous 
solution. B is a carboxylic acid that is soluble in СН,СІ, and insoluble in H,O. In basic aqueous 
solution (10% NaOH or 10% NaHCO,), however, the acid is deprotonated to form a carboxylate 
anion that is soluble in the aqueous medium. 
a. СНС, НО 
А,В,С (попе) 
b. СНС, 10% МаОН 
А,С В 
с. СН СІ, 10% МаОН 
А,С В 
19.59 
он о он о он о он о 
threonine ға” A он он үсөн 
NH2 NH2 NH2 NH2 
28,35 25,35 2R3R 25,38 
naturally 
occurring 
19.60 
с NH E 
соон COOH COO 
proline enantiomer zwitterion 
19.61 


с оу» Ж, 


+ NH3 
neutral 


pH=6 


form at isoelectric point 


(*1) ai 


pH =1 


nae 


pH = 1 
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19.62 


рК (СООН) + рка(мНз? 


a. asparagine pl = 


рК (СООН) + pK,(NHs*) 


2 


= (2.02 + 8.80) /2 = 5.41 


b. methionine рї = 


19.63 


lysine 
This lone pair is localized on the 
N atom, making it a base. 


19.64 
a. At pH =1, the net 
charge is (*1). 


О О 


19.65 


а. CH3Cl + NaCN 


2 


= (2.28 + 9.21) / 2 = 5.75 


tryptophan 
This lone pair is delocalized in the x system to give 10 x electrons, 
making it aromatic. This is similar to pyrrole (Chapter 15). Because 
these electrons are delocalized in the aromatic system, this N atom in 
tryptophan is not basic. 


. increasing pH: As base is added, the 


most acidic proton is removed first, 
then the next most acidic proton, and 


so forth. 


СНз = CN 


HO 


HO 


H30* 


[f] cO; 


base a equiv) 


О 


CH3—CI + Mg 


= 


CH3 


Мас! 


[2] H30 


3 


О 


NH2 


CH3 = COOH 


c. monosodium glutamate 


O O 
od e: Na* 
МНз 
+ 
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Br 
This method can't be used because ап 542 reaction 
b. СК Я PANAEN can't be done on an sp? hybridized C. 
5р 


Вг MgBr [1] CO; COOH 
PM [2] H0* 


H30* 


Br + МСМ --- CN као о 
О 


НОУ вг + Ма =o This method can't be used because you can't make 
a Grignard reagent with an acidic OH group. 


19.66 
CN у EN 
à НАНА NH2 N 
[2] H20 | mid | 
H* 
~ И] DiBAL-H CHO 
[2] H20 Cy 
CHO 
Nanna он РВз g М9 MgBr 
ps CH4OH 
CHO 
(from a.) [1] Cy 
[2] H20 
OH EJ 
: NN E H5SO4 (^ 
major stereisomer 
OH о MgBr © 
PCC | (from b.) 
OT М он 
(from b.) 
19.67 
NaCN 
а ЈИ об ЖАТТЫ сМ a= 
ыл = H20 cd di ls 
POSS [9] 
MgBr = 
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О 
A Br = 
Вг. 
b СНзС! СІ 2 NaCN 
АСЗ АСЗ һу 
О О О 


(+ ortho isomer) HO те. он 
H* 
NH2 
NH2 ш. 
“SN 
H30* [1] LiAIH, 
о о [2] H20 О [9] 
О Asyl ей 
n ЕТ OH 
Br 2] Н>С=О 2] H20 
[2] H2 eB 5 [2] H2 
[3] H20 
PCC 
\ Е LISSE — EE CL EO 
| Mg 
[1] Mg Ұн 
[2] CO2 
[3] H30* 
О 
OH 
19.68 
О 


a. Molecular formula: СзНБСІО 2 one double bond or ring P 
IR: 3500-2500 ст“, 1714 cm ^ С-О and О-Н Cl OH 


NMR data: 2.87 (triplet, 2 Н), 3.76 (triplet, 2 Н), and 11.8 (singlet, 1H) ppm 


b. Molecular formula: CgHgO3 5 double bonds or rings -< 
IR: 3500-2500 cm”, 1710 ст“! С-О апа О-Н d oH 
NMR data: 4.7 (singlet, 2 H), 6.9—7.3 (multiplet, 5 H), and 11.3 (singlet, 1 H) ppm 


monosubstituted benzene ring 


c. Molecular formula: C4H7N 
IR: 2250 ст“! = triple bond Ж 
NMR: 1.08 (triplet, 3 Н),1.70 (multiplet, 2 H), ROT 


2.34 (triplet, 2 H) ppm 


N 
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19.69 
Compound B: Molecular formula С,Ң,О, (one degree of unsaturation) 
IR absorptions at 3500-2500 (О-Н) and 1700 (C=O) сш" 
'HNMR data: 
Absorption ppm fof H’s Explanation Structure: 
doublet 1.0 6 6 H’s adjacent to 1 H n" 
septet 2.3 1 ІН adjacent to 6 H's ~ ен 
singlet (very broad) 10.6 1 OH of RCOOH B 

19.70 
Compound C: Molecular formula C,H,O, (one degree of unsaturation) 
IR absorptions at 3600-2500 (О-Н) and 1734 (С=О) cm” 
Н NMR data: 
Absorption ppm #ofH’s Explanation Structure: 
triplet 1.3 3 CH, group adjacent to 2 H’s 5 
quartet 3.6 2 2 n adjacent to 3 H's o M 
singlet 4.2 2 2H's К 
singlet 11.3 1 OH of COOH 

19.71 
Compound D: Molecular formula C,H,CIO, (five degrees of unsaturation) 
"C NMR data: 30, 36, 128, 130, 133, 139, 179 = 7 different types of C's 
'Н NMR data: 
Absorption ppm #ofH’s Explanation Structure: 
triplet 247 2. 2 H's adjacent to 2 H's abb 
triplet 2:9 2 2 H's adjacent to 2 H's = == 
twosignals 7.2 4 disubstituted benzene ring 8 
singlet 11.7 1 OH of COOH 

19.72 


P 3 different C's 
A COOH Spectrum [2]: peaks at 27, 39, 186 ppm 


5 different C's 
B У соон Spectrum [1]: peaks at 14, 22, 27, 34, 181 ppm 


К 4 different C's 
с он Spectrum [3]: peaks at 22, 26, 43, 180 ppm 
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19.73 Тһе first equivalent of NaH removes the most acidic proton—that is, the OH proton on the 
phenol. The resulting phenoxide can then act as a nucleophile to displace I to form a substitution 
product. With two equivalents, both OH protons are removed. In this case the more 
nucleophilic O atom is the stronger base—that is, the alkoxide derived from the alcohol (not the 
phenoxide), so this negatively charged O atom reacts first in a nucleophilic substitution reaction. 


most acidic proton 


| Сү" (1 equiv) 
HO NaH 


— 5 


(2 equiv) 


19.74 


но—{ ў—соон 


p-hydroxybenzoic acid 
less acidic than benzoic acid 


OH 


(com 


o-hydroxybenzoic acid 
more acidic than benzoic acid 


19.75 


OH 
н.о ? 


њо H: O 
2-hydroxybutanedioic acid 


increasing acidity: 
Ha < He < Hp < He < Ha 


Na 


nucleophile OH OH 
р | it) Cel Сү 
"g [2] H20 Хо 
| сны O~ О 
_ J wees Do _ ШӨ 
= Е 0); + а О- 
e v7 s ші 225 n" 


like charges on nearby atoms 
destabilizing 


The OH group donates electron density by its resonance effect and 


this destabilizes the conjugate base, making the acid less acidic than 
benzoic acid. 


Intramolecular hydrogen bonding stabilizes the conjugate 
о: base, making the acid more acidic than benzoic acid. 


H, and H, must be the two most acidic protons because they are part 
of a carboxy group. Loss of a proton forms a resonance-stabilized 
carboxylate anion that has the negative charge delocalized on two O 
atoms. H, is more acidic than H, because the nearby OH group on 
the a carbon increases acidity by an electron-withdrawing inductive 
effect. H, is the next most acidic proton because the conjugate base 
places a negative charge on the electronegative O atom, but it is not 
resonance stabilized. 


The least acidic H's are H, and H, because these H's are bonded to C 
atoms. The electronegative O atom further acidifies H, by an 
electron-withdrawing inductive effect. 
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19.76 


most acidic H 


© Sus base 
О О 


The conjugate base has three resonance structures, two of which place a negative charge on the 
oxygens. In this way the conjugate base resembles a carboxylate anion. In addition, the C=C’s 
in A and C are conjugated. 
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Chapter 20 Carboxylic Acids and Their Derivatives—N ucleophilic Acyl Substitution 


Chapter Review 


Summary of spectroscopic absorptions of RCOZ (20.4) 
IR absorptions e АП RCOZ compounds have а C=O absorption in the region 
1600-1850 cm”. 
е КСОСІ: 1800 ст 
е (ЕСО),О: 1820 and 1760 cm” (two peaks) 
е RCOOR': 1735-1745 сш” 
е RCONR'; 1630-1680 ст” 
е Additional amide absorptions occur at 3200-3400 cm ' (М-Н stretch) 
and 1640 cm ' (М-Н bending). 
e Decreasing the ring size of a cyclic lactone, lactam, or anhydride 
increases the frequency of the С=О absorption. 
e Conjugation shifts the C=O to lower wavenumber. 
'H NMR absorptions е С-Н оо the C=O absorbs at 2-2.5 ppm. 
e N-H of an amide absorbs at 7.5-8.5 ppm. 


"C NMR absorption е С=О absorbs at 160-180 ppm. 


Summary: The relationship between the basicity of Z and the properties of RCOZ 


* Increasing basicity of the leaving group (20.2) 
* Increasing resonance stabilization (20.2) 


__-_==И#ии—— то << === Г. 
О О О О О О 


асїа сһіогіде апһуапае carboxylic acid ester amide 


* Increasing leaving group ability (20.6B) 
* Increasing reactivity (20.6B) 
+ Increasing frequency of the C=O absorption in the IR (20.4) 


General features of nucleophilic acyl substitution 

e The characteristic reaction of compounds having the general structure RCOZ is nucleophilic acyl 
substitution (20.1). 

e The mechanism consists of two steps (20.6A): 
[1] Addition of a nucleophile to form a tetrahedral intermediate 
[2] Elimination of a leaving group 

e More reactive acyl compounds can be used to prepare less reactive acyl compounds. The reverse is 
not necessarily true (20.6B). 
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Nucleophilic acyl substitution reactions 
[1] Reaction that synthesizes acid chlorides (RCOCI) 


From RCOOH 1 О 


+ ось ==> Д. + SO, + Hd 


(20.9А): к | OH R^ ^d 


[2] Reactions that synthesize anhydrides [(RCO),O] 


a. From RCOCI 9 о о 0 
p А РІМЕН 


(20.7): grep reg ы. в“ “о iid 
О О 
b. From dicarboxylic d А E + но 
acids (20.9B): i 
s О 
cyclic anhydride 
[3] Reactions that synthesize carboxylic acids (RCOOH) 
From RCOCI 1. сы 1. e 
а. From + но ys їй | + 
(20.7): R СІ pyridine R OH N^ ue 
b. From (RCO),O Оз" о 
(20.8): Қалы 127 Е Қат 
О О О 
c. From RCOOR' vit mo MD e AÙ «= Д + вон 
(20.10): us au EN КА: 
(with acid) (with base) 
Ваши 1 + ван 
d. From RCONR', и R^ "oH RUE 
(R' = H or alkyl, JU 
20.12): "ONT? но, он Nd 
R' =H or alkyl — B а + ВАН 
[4] Reactions that synthesize esters (RCOOR') 
О 
a. From RCOCI Д. ^ ВОИ == 1. + | E 
(20.7): R CI pyridine R OR' N ee 
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b. From (ЕСО),О me 790 " 

(20.8): UT iio к E 
c. From RCOOH " H5SO4 ү 

(20.9С): ien TROR i MN TOM 


[5] Reactions that synthesize amides (RCONH,) [The reactions are written with NH, as the 
nucleophile to form RCONH,. Similar reactions occur with R'NH, to form RCONHR' and with 
R'NH to form RCONR',.] 


О О 
a. From RCOCI A. 
+ NH => + Кер 
(20.7): R^ са " Т E Tm NH;*CI 
b. From (ЕСО),О | | | 
шн: 2 КІШ Д. + nH; —~ Д +  RCOO- мн, 
(20.8): R О R (2 equiv) R NH2 


c. From RCOOH R^ "OH [ga R^ "NH; 
(20.9D): О О 
мен + R'NH E Рп + H20 
' 0 m 
52 у Д + ROH 
• 2 


Practice Test on Chapter Review 


1. Give the IUPAC name for each of the following compounds. 


| Б 
. сі 5 өле : a 
О | 
2. (а) Which compound absorbs at the lowest wavenumber in the IR? (b) Which compound absorbs at 
the highest wavenumber? 


о 
о. о H 
о 
А в с D 
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3.a. Which of the following reaction conditions can be used to synthesize ап ester? 
RCOCI + КОН + pyridine 

RCOOH + КОН + H,SO, 

КСООН + R'OH + NaOH 

Both methods (1) апа (2) can be used to synthesize an ester. 

Methods (1), (2), and (3) can all be used to synthesize an ester. 


C uu Болен 


b. Which of the following compounds is most reactive in nucleophilic acyl substitution? 


1. CH,COCI 3. CH,CON(CH,), 5. CH,COOH 
2. CH,COOCH, 4. (CH,CO),O 


4. What reagent is needed to convert (CH,CH,),CHCOOH into each compound? 
a. (CH,CH,),CHCOO а” 
b. (CH,CH,),CHCOCI 
c. (CH,CH,),CHCON(CH,), 
d. (CH,CH,),CHCO,CH,CH, 
е. ((CH,CH,),CHCO],O 


5. Draw the organic products formed in the following reactions. 


б ò COH [1] SOCL 
[2] (CH3CH2)2NH 
O 77, 


он Өс D оо 
У p 5 
OH + О а. 9 * «мн 222% 
(excess) 
о 


Answers to Practice Test 


1.а. 5-ethyl- 4.а. NaOH 5. n 1 
heptanoyl chloride b. SOCI, " Г io О с N 
b. cyclohexyl 2- c. HN(CH,),, DCC Pai = a 
methylbutanoate d. CH,CH,OH, + о 
с. N-cyclohexyl-N- H,SO, но ~ i oe N N~ 
methylbenzamide e. heat Бе 3 24 
2.a. С о о 3 
b. A b. Su DOR cre HN SS 
3.а.4 
b. 1 e 
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Answers to Problems 


20. The number of C-N bonds determines the classification as a 1?, 2?, or 3? amide. 


NH2 
a T amide 
О О о 
Н К: о о H О 
T amide H3N N о М 


Н 
о NH HN N 
oxytocin NH NH2 75 uS 
T amid 
АП seven others аге 2% amides. H 2 | т 


НО 


20.2 Ав the basicity of Z increases, the stability of RCOZ increases because of added resonance 


stabilization. 
50: 20: SOS 
ы жай ы 
R Br: R'*^Br: R Br: 
The basicity of Z determines how much 
this structure contributes to the hybrid. 
Вг is less basic than "ОН, во RCOBr 
is less stable than RCOOH. 
20.3 
0: 20: This resonance structure contributes little to the hybrid 
RS C = p because СГ is a weak base. Thus, the C-CI 
3 Cl: cit bond has little double-bond character, making it similar in 
Е length їо the С-СІ bond in CHsCI. 
20: 20: р - | 
ха This resonance structure contributes more to the hybrid 
СНҙ- NH2 Де H Aw, = because "NH; is more basic. Thus, the C-N bond 
Б n р іп HCONH 2 has more double-bond character, making 
it shorter than the С-М bond in CH3NH5. 
20.4 
О О 
: СІ 2- i b. 
a 2-ethylbutanoyl chloride OCH3 methyl benzoate 
== 2-ethyl 


alkyl group = methyl 


acyl group = 
benzoate 
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О 


v пика да 


| м. N-ethyl-N-methyl 


acyl group = 
propanamide 


О 
р hor 
| КУ = ethyl 
acyl group = А 
formate ethyl formate 


20.5 


a. 5-methylheptanoyl chloride 
Е 
СІ 
b. isopropyl propanoate 


b 


N-ethyl- N-methylpropanamide 


acyl group = 
propanoic 


| 


acyl group = 
hexanoate 


c. acetic formic anhydride 
P 


d. N-isobutyl-N-methylbutanamide 


cvy 


benzoic propanoic anhydride 


acyl group = 
benzoic 


53 M 
|| 
pou Ww PN isopropyl 3-ethylhexanoate 
О 


| 


alkyl group 7 isopropyl 


e. sec-butyl 2-methylhexanoate 


i ds 
саа 
f. N-ethylhexanamide 


PN 


H 


20.6 CH,CONH, has a higher boiling point than CH,CO,H because it has more opportunities for 
hydrogen bonding. Each CH,CONH, can hydrogen bond to three other molecules (at its О atom 
and two М-Н bonds), whereas СН,СО,Н has only two intermolecular hydrogen bonds possible 
(at its carbonyl O atom and OH bond). 


20.7 


e Amides are more resonance stabilized than esters. 


e Conjugation decreases the frequency of C=O absorption. 


e Decreasing ring size increases the frequency of C=O absorption. 


О 
О NS 
“| ~ ас В 
[9] 
A с 
ester ester in five- amide 
membered ring conjugated 


In order of increasing frequency; С < В < А < B 
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20.8 More reactive acyl compounds can be converted to less reactive acyl compounds. 


a. CH3COCI -- CH3COOH 
more reactive YES less reactive 

b. CH3CONHCH3 e CH3COOCH3 
less reactive NO 


more reactive 


— 


c. СНаСООСНа 


CH3COCI 
less reactive NO 


more reactive 


d. (CH3CO)20 
more reactive 


CH3CONH5; 
less reactive 


20.9 The better the leaving group is, the more reactive the carboxylic acid derivative. The weakest 


base is the best leaving group. 


Е NH; осн; 


“МН; strongest base 


“ОСН3 
least reactive 


intermediate 


О О 


“МНСН; strongest base 
least reactive 


“ОН 
intermediate 


CI 


“СІ weakest base 
most reactive 


зи 


~O2CCH2CH3 weakest base 
most reactive 


20.10 
О К О О The СІ atoms аге electron withdrawing, 
Ps he СІ СІ which makes the conjugate base (the 
o leaving group, CCI3COO ) weaker 
acetic anhydride cl CI СІ CI and more stable. 
trichloroacetic anhydride 
20.11 
О О 
Хы 
Hao OH a NH3 NH2 + мест 
о 8 552 b ©з тос селін 
pyridine Н СГ ехсе55 
СІ о о О 
CH3COO- EN * Cr (CH3)2NH N(CH3)2 
d — > 
ni excess 


" 
+ (CH3NH; СГ 
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20.12 Тһе mechanism has three steps: [1] nucleophilic attack by О; [2] proton transfer; and 
[3] elimination of the СІ leaving group to form the product. 


| Sus 
BN 
о 
А 
OCH3 + :СЕ 
20.13 
О О 
T лы 
a. С; 
ш 
О 
и 
СНзОН OCH; + N(CH3)2 + (сНзАнь - 

b. SENE T 
20.14 

О о о 

CH3MgBr (2 equiv 
б [1] CH3Mg q Ж + s 
Ө; [2] H20 
о о О 
р б [1] ЦАНА он 
[2] H20 
о О О 


П]ША!Н[ОС(СНз)з]з " Ды 
с. [2] H20 
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20.15 Reaction of a carboxylic acid with thionyl chloride converts it to an acid chloride. 


О 


SOCI? gc 
СІ 


О 
о 
О О О 
Му он [1] $0СЬ xo а! [2] (CH3CH2)2NH (excess) 2 Sues N N 


o 


+ Ра" ere 
He op 
20.16 
н;50, А 
А Бек t „одн и H20 
О 
соон 
H;SO 
: (Л шаа 23 ОУУ + њо 
о 
соон 2 
о” Ма" 
с + NaOCH3 --- + CH30H 
О 
ЕТЕРІ H2594 г 
9. но он УНО 
о 
20.17 
О О 
CH3/50H 8 
OH 3 OCH; + H20 
20.18 
20: a m m m COM 
Wet б сон HO: :OH HO:0H 7 2 
т Т H-OSOSH . ка 
о ОН HO OH *À] ж io: 
p. + HSO,7 70503Н | 
ЖЕП 
:0: Осн ‘ HO::0H 
5 Pu 
О: + HjSO4 но + :0: a 
+ HSO4- 
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20.19 
О О 
0 n CH3NH2 
E CH3NH; ЖҚ E f: ДА — ~ A 
OH О H3NCH3 OH DCC NHCH3 
à О 
b. [1] CHNH; АШ; 2s 
P — мнења * Н? 
OH [2] A 
20.20 


о о 
hydrolysis HO 
о Е OH + 
а о T а о 
О 


fenofibrate fenofibric acid Q 


20.21 The three bonds broken during hydrolysis are indicated. 
о 


[9] 
“o o 
HO © uH 
E = 3 “С H30* 
E — НО 
НО 


ginkgolide В 


20.22 


RCOOH, H2SO, 


HO! 


HO OH a long-chain fatty acid 


sucrose 
olestra 


req сала RM MX OQ 


О Na O 
o OH о 
9 EOM ш РРСРР 
са он Na © 
+ zi 
О о 
OH 


о Sus glycerol ма О x 
cis cis 
soap 
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proton 20: 


transfer pierde ct 
NH He NH 


2 


20.25 Aspirin has an ester, a more reactive acyl group, whereas acetaminophen has an amide, a less 
reactive acyl group. The ester makes aspirin more easily hydrolyzed with water from the air than 
acetaminophen. Therefore, Tylenol can be kept for many years, whereas aspirin decomposes. 


ester amide 
| н 
Q ІҮ О 
соон НО 
acetylsalicylic acid acetaminophen 
20.26 
"Regular" amide is \\ hydrolyzed. 
a b E 
= LOS = LOS 
Y es H30* DE 7 
О М О HN 
о Я ST XN E 
COOH COOH 
20.27 
О О 
H H 
Я ММ МА Т С М Ay 
N N 
О О 
пуіоп 6,10 
n | 
cI A СІ + H2N NON NH2 
О 
20.28 
Ж OH О = О 
| 
HO HO OH In the polyester Kodel, most of the 
1,4-dihydroxymethylcyclohexane terephthalic acid bonds in the polymer backbone are 
| part of a ring, so there are fewer 
О О 


degrees of freedom. Fabrics made 
о [e from Kodel are stiff and crease 
$20 о ; resistant, due to these less flexible 


polyester fibers. 
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20.29 


T О О 
| ; о о PLA 
os * OH о О ~ polyl(lactic acid) 
O О 


Reaction occurs here (-Њ0). 


20.30 Acetyl CoA acetylates the NH, group of glucosamine, because the NH, group is the most 
nucleophilic site. 


HO мн, 


glucosamine 


20.31 The better the leaving group, the more reactive the acyl compound. 


О О О 
worst leaving group intermediate best leaving group 
least reactive reactivity most reactive 


20.32 


О 
[1] H30* OK COOH р HO а 
b А 
а. PATTY 
A д [2] OH COO ~ HO 
isobutyl 2,2-dimethyl- 


propanoate H20 


OH 
MgBr 
H20 
а ы ca gir 
Р [4] ЦАЈНА К H20 2 OK o | E d 


20.33 Better leaving groups make acyl compounds more reactive. C has an electron-withdrawing NO, 
group, which stabilizes the negative charge of the leaving group, whereas D has an electron- 


donating OCH, group, which destabilizes the leaving group. 
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e (ve, жатан 


ап electron-withdrawing substituent an electron-donating substituent 

ES Eo У а " (a inl : 
:0 YF М. [e —N* He) OCH3 10 OCH3 

:0: 20: 

one possible one possible 
leaving group from C resonance structure leaving group from D resonance structure 
Delocalizing the negative charge on the Adjacent negative charges destabilize 
NO; stabilizes the leaving group, the leaving group. 


making C more reactive than D. 


20.34 


О О 
methyl m-chlorobenzoate 
d OCH3 
a. о '" CI 
о 


cyclohexanecarboxylic anhydride 


О 
р о е cis-2-bromocyclohexane- 
| ` carbonyl chloride 
phenyl phenylacetate СІ 
9 Br 
о = О 
р i C 
\ 
H 


N-cyclohexylbenzamide 
( N,N-diethylcyclohexanecarboxamide 


20.35 


a. cyclohexyl propanoate c. benzoic propanoic anhydride e. octyl butanoate 
[9] 


cr сү Peer es 


b. cyclohexanecarboxamide f. N,N-dibenzylformamide 


О о 
а. 3-methylhexanoyl chloride p 
dk Me И | “ТҮ; 
СІ 
20.36 
resonance structures for the leaving group 
Te - :5:) :д 2 
Лх IN @ VUES SS dre “че... ж “зер 
S-N ры ПИЩЕ РІШ +] Nl SN: сы см сы Сы: ы Сы: сы ом 
R \=/ Б “| R Nu тана ALES E LN MC AM 
imidazolide 


The leaving group is both resonance stabilized and aromatic 
(6 x electrons), making it a much better leaving group than 
exists in a regular amide. 
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20.37 


Reaction as an acid: 


:0: e 


:0: T Hor 
p == pe — p ЖЫНЫ Есе арр 
ын; NH NH " 


no resonance stabilization 
of the conjugate base 


These two resonance structures 
make the conjugate base more stable, 
and therefore СНАСОМН; a stronger acid. 


Reaction as a base: 


:О: :0: 


=< E Ain, Nh 


This electron pair is delocalized by resonance, 
making it less available for electron donation. 
Thus, СНАСОМН; is a much weaker base. 


This electron pair is 
localized on N. 


20.38 a. The electron pair on the O atom in phenyl acetate is delocalized on both the carbonyl group 
and the benzene ring. Thus, the С=О has less single bond character than the С=О of 
cyclohexyl acetate, so the absorption occurs at higher wavenumber. 


20: 20: :0: 2 
A e А а= Ж + other forms with а С-О 
.. ша +7 
Q Q Q 


This form contributes less 
to the hybrid. 


b. Because the lone pair on the O atom in cyclohexyl acetate can only be delocalized on the 
C=0, the C=0 of cyclohexyl acetate is more effectively stabilized by resonance. 


io: QO а 
AAI — А 
Q 9 
only two resonance forms 
c. Phenyl acetate has a better leaving group and is more reactive. 


Aet a eot. 


weaker base * 3 more resonance 
better leaving group structures 


525-542 


stronger base 


20.39 
СвН5СН2СООН 
о 
мансоз CX E ата. 
О ма 
NaOH 
| C BE 
O Na 
SOCI, CL i 
6; 
СІ 
NaCI | 
а ------- no reaction 
NH3 о 
е. 
(1 equiv) _ т 
О NH, 
2]^ 
[2] NH2 
20.40 
О 
О 
a CI " | ) — y + | el 
N N ) = 
H Js а 
(excess) H H 
О О О 


О: 
(Со 
P 
I 
w 
О 
© 
I 
О 
+ 
3r: 
о 
( О 
О 
= I 


о 
о 
\— о 
H20 Ж 
С. = + 
О ос 
о о 

а о то он 

| | OH 

о о 
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2С, [e] 
5 CH30H MES 
H2504 TRU OCH; 
AN о 
h. Chjon CNN 
-OH < о 
[1] NaOH ЖЫ о o 
2] CH3COCI Д. 
[2] CH3 SN м 
AN о 
| CH3NH> 
| DCC Cw М мнења 
[1] SOCI PZN о 
* [2] CH3CH>CH>NH fs ІҢ 
3 2 2 2 
ы (м 
Н 
[1] SOCI, a О de. 
[2] (CH3)2CHOH А 


5 HO 
[1] CH3OH, H* 
е сно он pd 
3 
[2] МӘ + сњон 
(2 equiv) 
[3] H20 
OH [1] SOCI, М. 
f. - H 
С [2] CH3CH2CH2CH2NH3 
[3] НАНА 


[4] H20 
О 


оо 


А 
9 HO—< У-он - | o 
О 
о о 
n LA + у 


(excess) 


%- 
( )— NH 
^ 
+ CH3COO- H3N 


Chapter 20-16 


20.41 
О F О О 
о он I 1 он 
—N / H30* —N Ph о Ph — 
О us OH О 
х 
о Y о 
cinnamoylcocaine Ы о NaOCH3 
Hydrolyze both esters. CH3I 
< он 
о / 
+ CHOH о 
М 
[9] 
О 
сосаіпе 
20.42 
О О о 
" 
РЯ 9) H30* OH e: N H30* NH2 
OH 
OH 
OH о 
" о О OH 
b. H30* d fart H30* 
` М 
о N 
но” ^o NH; 
20.43 


и _NaCN _ “| H30* ы SOCI; СОС! [1] (CH3)2CuLi СТ 
2] H20 О 


и ПІШІН, “| | 
[2] H20 сњаон, Н" pëe 
QT. (у Шы CHO [1] CHaLi 
2] H20 2] H20 
F 
| [1] LiAIH, 
CH3CO);0 
(CH3CO); [2] H20 
Н OH OTs CN 
n^ NaCN 
о ТӘСІ, pyridine 
І Ј K L 
[1] CH3MgBr 
[2] H20 
о 
M 
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20.44 
E H 
D H D 
| ; B Оон = 
а. OH CH3COC О с. OH m О 
A pyridine С О О 
(0) 
b. ка о о 0 
i + 
| "P d == T 
= с! БН, NU 
H30* ІН 
| 3 NH мн; 
о PM E 
E О cr 
OH ноу 
20.45 Hydrolyze the amide and ester bonds іп both starting materials to draw (һе products. 
ds um о која о 
o 9^ 0^7 H20 Sia OH ? 
а. + A + НО С» 
ok OH 
n 7 H2N 2 
н — NH; NH2 
oseltamivir 
B Hus о м, HN 
2 OH + + CH30H 
b. HN О HO 
N AN 
i | o о” “он 
HO 2 н о 
Te phenylalanine 
О aspartame 
20.46 
F 
F F F 
intramolecular 
CH3SO5CI (-H’) amide formation S 
о (CH3CH2)3N à К Ж 
^N A 
OH " 
Shee CH30 OSO2CH3 сњо N Тә 
Ph ^NH; oc ^N 
Ph 
F 
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20.47 
М ts 
„17 rae " 
M X O—H OH OH 
О: + | о: ОН О: ОН 10: ОН 
y-butyrolactone C ћ H 
H-OH; | 
+ A 
JH О 
:О: :О Нар 
H30° + eee С Hort АСЫ 
= = OH = он 
4-hydroxybutanoic acid 
GHB 
20.48 
enzyme 
7 3g pu oD а :0: 
m T ML А: Н-А be 
а 9-< of ok 
СТ. CEG — Cte Фе 
CO2H CO5H COH CO2H 
aspirin + А: | 
Н :O: 
ка - "E is | 
б: +62 л? он “м 
ex — UU О СЕ 
CO2H COH 
salicylic acid = 
inactive enzyme + А: 
20.49 
—— Аг 
Аг 
се Аг EFT 
— _ о--ы 
-—— Ar .. „АГ + MgBr* .. AUR 
Ar РА U бв АР 
y + CH3CH3 
СНзСН2 — MgBr | 
О 


20.50 


А 


overall 
reaction 
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OH 


О 


% О: + 
proton e» Ve H—OH> 
:0 G 
t fi as En Ы 
ransfer нб OCHs 
HO 
О 
ж 
М 
CH3NH> 
и 
CH30H 


о 
5550 


tadalafil 


Chapter 20-20 
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20.54 The mechanism combines hydrolysis of an acetal and Fischer esterification. 


pM О О о 
20: — H-Q: — HO HO 
OH OH OH OH 
A 
(х 


Н-ОН; ü | 


4 


О к Ho; ОН но; ОН 
~ OH ‘он 
HO c + 
9 ж —HzO0 CENE о 
В: он он он 
+ H30* 
+ О: .. 
H20 H20: | 
H .. 
Е H20: + 
Q 0:2 H20: ОН 
E % + но 
О о 2 
нҙо” + он 9 он он 
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20.55 


abbreviate as В Ы он 


© ô 
о он O 
a Pn—( 


+ он o 


н s 


Г 


product of step [2] 


R R H 
b x €F4Co; =H | | 

3e. 2 Co 
2 Ж 

+ CF3CO;. 
R 
E R 
R T СЕзСО2 | - Ж p 
MEE „О 102 „0. UAR 
:QH ^u H у H A 
| + СЕЗСО2" 


ж. 
ЕД СЕзСО —H 
О: 


Ж. * CF4CO;H 
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20.56 Fischer esterification is the treatment of a carboxylic acid with an alcohol in the presence of an 
acid catalyst to form an ester. 


20.57 
Mg [1] CO? SOCL Cl 
а ТОМУ ву Pinto Sino! Хосон ане 
О 
[14 Li 
VAT SET NU ы (~~) cut 
[2] Cul 
о 
о 
Маон CrO; ЕТГІ Н;504 
B. ОТУ ge eS Sg TONS OH uon b m d 
2 4,112 
(from a.) 
1 С 7 мове 
(2 equiv) 
[2] H20 
AW 
O 
NaCN [T] LiAIH4 NH P NN 
c. AOT gr Pb алық aN cn P du OS 2 >: > 
[2] H20 H 
о о 
-OH GO. S сое J! Ih o 
он : OH : cl 
20.58 
CH30H 
| soci | 
СООН 
© n O HNO3 _ KMnO4 EE Кы ы 
AICI  HjS04 О оно, PA 
3 ОМ 
H2 
(* ortho isomer) Pd-C 
у 
О 
< ос-- 
Р 4 


H2N 
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20.59 
CH30H 
| вос) О 
соон Р, 
Б CHCl CY HNO3 ДУ KMnO4 O CH30H о 
а. 
AICI н;50 н" 
3 29747 «ОМ O-N ON 


(+ ortho isomer) | H2, Pd-C 


о о 
| ion a" A СІ o^ 
A, 1] СгОз, H9SO4, HN 


X H20 
OH [2] SOCI; 


H 
| НСІ CH30H gO 


| SOCI; 
CHsCI KMnO4 5081, 
AICl3 HO СІ 
(* ortho isomer) О 


Вг Вг Вг 
Вг; CHCl КМпО4 маон 
FeBrs АСВ HO о 
О О 


(+ ortho isomer) 


оо 
E! 


о о о 
" Соз "S осі; T 
BOS ОН OH СІ 


| NH2NH2 
“ОН 
[1] Mg Br? 
HO [2] СО; FeBr3 
[3] H30* Br 
О (+ ortho isomer) 
рК”! 


3 
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20.60 


5 


" SOCL 
[2] H20 


OH 
[1] LiAIHIOC(CH3)ds _ T7 но ~~ (y 
2] H20 H* 1 
$ о 
О A О 
[1] ШАН, а 


МН NH ----- s 
с. (2 equiv) ? уно on : У ^ 


[from part s 


[from part (a)] 
О НО 
] ГИ М9ВГ (2 equiv) 
СІ 
9; [2] H20 

[from part (a)] 

20.61 
О 
HO ò а 

а. НО он апа OH === ; 4 


СІ СІ à X 
Р— О 
HN 
"m 
20.62 
О О 
8 лыча Ж О Sig 2 8 = ата 3 РОТ 
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20.63 
о 
9 о 
о 
OCH3 
с D A B 
Increasing wavenumber of С=О 
20.64 
а. СНО» > опе degree of unsaturation c. СлоН12О> > five degrees of unsaturation 
IR: 1738 ст“! — С=О IR: 1740 ст“! -> С-О 
NMR: 1.12 (triplet, 3 H), 1.23 (doublet, 6 H), NMR: 1.2 (triplet, 3 H), 2.4 (quartet, 2 H), 
2.28 (quartet, 2 H), 5.00 (septet, 1 H) ppm 5.1 (singlet, 2 H), 71–7.5 (multiplet, 5 H) ppm 
О 
о Pu 
е» ү x 
О 
D. CgHgNO 
IR: 3328 (NH), 1639 (conjugated amide С-О) ст“! 
NMR: 2.95 (singlet, 3 H), 6.95 (singlet, 1 H), 
7.3—7.7 (multiplet, 5 H) ppm 
О 
N^ 
H 
20.65 
A. Molecular formula Ci9H;202 — five degrees of unsaturation В. IR absorption at 1740 ст”! > С=О 
IR absorption at 1718 ст“ > С=О NMR data (ppm): 
NMR data (ppm): singlet at 2.1 (CH3) 
triplet at 1.4 (СНҙ adjacent to 2 H's) triplet at 2.9 (CH5 adjacent to СН») 
singlet at 2.4 (CH3) triplet at 4.3 (CH2 adjacent to СН») 
quartet at 4.4 (CH2 adjacent to CH3) multiplet at 7.3 (b H's, monosubstituted benzene) 
doublet at 7.2 (2 H's on benzene ring) 
doublet at 7.9 (2 H's on benzene ring) 
о 
қ Сүтү 
О 
oS 
20.66 


Molecular formula CygH;3NO2 — five degrees of unsaturation 
IR absorptions at 3300 (NH) and 1680 (C=O, amide or conjugated) ст“! 
NMR data (ppm): 


triplet at 1.4 (CH3 adjacent to CH2) N 
singlet at 2.2 (CH3C=0) ei 
quartet at 3.9 (СН adjacent їо СНз) О 
doublet at 6.8 (2 H's on benzene ring) o 

singlet at 7.1 (NH) | 

doublet at 7.3 (2 H's оп benzene ring) phenacetin 
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20.67 


Molecular formula Син МО; — five degrees of unsaturation 


IR absorption 1699 (С-О, amide or conjugated) ст“! N О 
NMR data (ppm): N -< < 
triplet at 1.3 (3 H) (СНз adjacent їо СН>) / О 


singlet at 3.0 (6 H) (2 CH3 groups оп М) 
quartet at 4.3 (2 Н) (CH2 adjacent їо CH3) с ( 
doublet at 6.6 (2 H) (2 H's оп benzene ring) 
doublet at 7.9 (2 H) (2 H's on benzene ring) 


20.68 


а. Molecular formula CgH4205 — one degree of unsaturation 
IR absorption at 1743 ст“! > С=О 
ІҢ NMR data (ppm): О 
triplet at 0.9 (3 Н)- СНз adjacent to CH2 ps 
multiplet at 1.35 (2 Н)- СН; о“ 
multiplet at 1.60 (2 Н) – СН; р 
singlet at 2.1 (3 Н — from СНз bonded їо С-О) 
triplet at 4.1 (2 H) – CH2 adjacent to the electronegative О atom and another CH2 
b. Molecular formula CgH4205 — one degree of unsaturation 
IR absorption at 1746 ст“! — С=О 
1H NMR data (ppm): О 
doublet at 0.9 (6 H) – 2 CHs's adjacent to СН РА 
multiplet at 1.9 (1 H) BI 
singlet at 2.1 (3 Н) – СНз bonded to C=O E 
doublet at 3.85 (2 Н)- СН; bonded to electronegative О and СН 


20.69 


О 
m bow 


backside 
attack 


backside attack 
on epoxide 
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20.70 Тһе extent of resonance stabilization affects the position of the С=О absorption in the IR of an 


amide. 
This resonance structure does not contribute significantly to the 
Li = L hybrid because it places a double bond at the bridgehead N, an 
N Na impossible geometry іп small rings. Тһе С-О has more double- 
v 2 “о: bond character, so the absorption is at a higher wavenumber. 
A 
M + This resonance structure contributes significantly to the 
NH) NH hybrid, so the C=O has more single-bond character. The 
т о 2 absorption shifts to a lower wavenumber. 
- 20: 
B 
20.71 
сі :0: а :6: There is restricted rotation around the amide С-М 
Ç; у Pd bond. The 2 H's are in different environments 
as oL UX (one is cis to ап О atom, and опе is cis to СН2СІ), 
c so they give different NMR signals. 
4.02 ppm © NH; Bp! H 
different 
735200 7/80 ppm | environments 
This resonance structure makes a significant 
contribution to the resonance hybrid. 
20.72 
48 T 18 18 Е 
О ЗО” он но он но о О 
Е H20 “ОН 
ос- = Bios. ec pi^ oN 22 os 
18 
+ ТОН 
ethyl benzoate Two OH groups are now equivalent 
and either can lose H20 to form қ қ 
labeled or unlabeled ethyl benzoate. Unlabeled starting material 


was recovered. 


20.73 Both acetals are hydrolyzed by the usual mechanism for acetal hydrolysis (Steps [1]-[6]), 
forming four new OH groups. Intramolecular esterification forms a lactone (Steps [10]-[15 ]), 
followed by conversion of a carbonyl tautomer to an enol (Steps [16]-[17]). Both acetals are 
hydrolyzed at once in the given mechanism. For ease in drawing this long mechanism, the 
stereochemistry of intermediates is omitted. 
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H20: КАШЫ” 
Н 
о о о о 
он он он Son OH 
о - о H [9] Ж о 
Ow h.c у У он он 
о № > о 2. о о 
о о О о ua 7 но [e DE но о 
e [n ар Р, [2] [3] CH 
H sx. OH 
К +207 р E 
dre н20: С 
[4] 


HO 
HO 
:О 5 
ма 2 equiv) 
© (2 equiv) 
НО t .. 
OH он он 
:0: 
% РІН + 2 HCI 
[9] (^s 
(2 equiv) H ІСІ: 
HO І? 
+0” ОН 
он о a Ma оно = Ho О 
© С он Он 
HO x ——— HO - ——— 
OH OH OH [10] OH OH OH Ш HO , 70: 
* Cr [2] 
HO HO H HO . БЕТ” 
о NE o Гон оон М 
HO ере! СІ: HO "n HO > 
[14] (RP [13] ОН 
НО НО :0: НО 20: 
+ H20 + СГ 
[15] 
но но HO а 
О [9] о 
HO ы HO ° 879 + на! 
16) Ç [17] = 
Na. MON HO гон 
HO :0: H-CI нон о-н О 
“шә у i vitamin C 
Cl: + сг 
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20.74 
О О ЕУ 
= me A к. 
О М 5 o^ "ph >- Аг-М о“ Ph »- Ar —N Q^ ph 
би l О о 
Е ак es 
Aw гр ка 
2n i о: H 
+ RH + Li 
y 56: :0 
A. A. +“ САО ~ 
Ar—N о Ar—N О Ar—N [e] 
mw E ud d ud 
Св; оғ” Ы О 
A | ye 
Ar~ Ar~ 
= | pu re о 
mu Oo ph mu 
Me н-он 
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Chapter 21 Substitution Reactions of Carbonyl Compounds at the a Carbon 
Chapter Review 
Kinetic versus thermodynamic enolates (21.4) 


dra Kinetic enolate 
e The less substituted enolate 
e Favored by strong base, polar aprotic solvent, low temperature: 


kinetic enolate LDA, THF, —78 °С 


"m Thermodynamic enolate 


e The more substituted enolate 
e Favored by strong base, protic solvent, higher temperature: 
thermodynamic 
enolate NaOCH,CH,, CH,CH,OH, room temperature 


Halogenation at the a carbon 


[1] Halogenation in acid (21.7A) 
x . : . : 
Б ~ H 2 e Thereaction occurs via enol intermediates. 
Бом Monosubstitution of X for H occurs on the a 


SCO Вгә, or I a-halo aldehyde carbon. 
or ketone 


e The reaction occurs via enolate 


о 
А (excess) intermediates. 
R -OH e  Polysubstitution of X for H occurs on the a 
H H carbon. 


X2 = Clo, Bro, or I2 


[3] Halogenation of methyl ketones in base—The haloform reaction (21.7B) 


e The reaction occurs with methyl ketones and 


О 
УД. X2 (excess) 
R 


+ HCX results in cleavage of a carbon-carbon с 
-ОН 3 
haloform bond. 


X2 = Clo, Bro, or I2 
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Reactions of a-halo carbonyl compounds (21.7С) 


[1] Elimination to form с, -unsaturated carbonyl compounds 


Li2COs 
R Y R Ж p 
LiBr а 


Вг DMF 


e Elimination of the elements of Br and Н 


forms а new m bond, giving an o, [3- 
unsaturated carbonyl compound. 


[2] Nucleophilic substitution 
О О 


ІМ 
Дав а Дам 
R R 


Alkylation reactions at the a carbon 
[1] Direct alkylation at the a carbon (21.8) 


О О 


a H [1] Base 
[2] RX 


The reaction follows ап 5,2 mechanism, 
generating an a-substituted carbonyl 
compound. 


The reaction forms a new C-C bond to the 
a carbon. 

LDA is a common base used to form an 
intermediate enolate. 

The alkylation in Step [2] follows ап 5,2 
mechanism. 


[2] Malonic ester synthesis (21.9) 


1] NaOEt R sek. 
о а 
2] RX ОН 
о о 3] НзО*, А 
Е 
НО OEt 
diethyl malonate 
1] NaOEt [1] NaOEt 
2] RX [2] R'X 
ІЗІ НзО*, A 


e The reaction is used to prepare carboxylic 


acids with one or two alkyl groups on ће с 
carbon. 


e The alkylation in Step [2] follows ап 5,2 


mechanism. 


[3] Acetoacetic ester synthesis (21.10) 
[1] NaOEt 
| 2] RX ва. 


ethyl acetoacetate 


e The reaction is used to prepare ketones 
with one or two alkyl groups on the a 
carbon. 

e The alkylation in Step [2] follows ап 5,2 
mechanism. 
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Practice Test on Chapter Review 


1.a. Which of the following compounds can be prepared using either the acetoacetic ester synthesis or 
the malonic ester synthesis? 


COOH 


OC e 0 


4. Both (1) and (2) can be prepared by one of these routes. 


5. Compounds (1), (2), and (3) can all be prepared by these routes. 


b. Which of the following compounds is not an enol form of dicarbonyl compound A? 


ро L P wr ee 2. pu 2 3. p f pw 
A 
5. Compounds (1)-(4) are all enols of A. 


2.а. Which proton in compound A has the lowest pK,? 
b. Which proton in compound A has the highest pK,? 


c. Which proton in compound B is the least acidic? 
d. Which proton in compound B is the most acidic? 


3. What reagents are needed to convert heptan-4-one to each compound? 
a. 3-bromoheptan-4-one d. hept-2-en-4-one 
b. 3-methylheptan-4-one e. 2-methylheptan-4-one 
c. 3,5-dimethylheptan-4-one 
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4. Draw the organic products formed in each of the following reactions. 


О 
СОЕ ПИВА 
[2] СНӘСН-Вг S 
[3] НЗО*, A 


(excess) 


[1] NaOEt [1] NaOEt 
с. CH2(CO2Et)2 
[2] CH3CH>Br [2] CeHsCH2Cl 
[3] НзО*, A 


[1] NaOEt 
[2] CHSCH5CH3CH3Br 
[3] НзО*, A 


[1] LDA 


[2] CH3CH2Br 


5.a. What starting materials are needed to synthesize carboxylic acid A by a malonic ester synthesis? 
О 


он 
А 
OCHs 


b. What starting materials are needed to synthesize ketone B by the acetoacetic ester synthesis? 


Answers to Practice Test 


Та. 1 4. 9 5. 

b.4 = d Ада д uo СВ 
2.a. H, i Se. cho ~ Br 
b. H, О СН (СОЕ) 

c. H, А 
in CO codo бА 
3.a. Br, СН,СО,Н à 
b. [1] LDA; [2] СНІ gato 
c. [1 LDA; [2] CHL; [3] LDA; 5 ве А 
[4] СНІ Ces pu 


d. [1] Br, СН,СО,Н; 
[2] Li,CO,, LiBr, DMF 
e. ПІ Br, СН,СО,Н; 
[2] Li,CO,, LiBr, DMF; 
[3] (CH,),CuLi; [4] H,O 
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Answers to Problems 


21.1 
e То convert a ketone to its enol tautomer, change the C=O to C-OH, make a new double bond to 
an а carbon, and remove a proton at the other end of the С=С. 
e То convert an enol to its keto form, find ће C=C bonded to the OH. Change the C-OH to a 
С=О, add a proton to the other end of the С=С, and delete the double bond. 


[In cases where Е and Z isomers are possible, only one stereoisomer is drawn.] 


HO О 
EM абы А. а. D REL» L 
OH О 
OH 
о он T pe 
' Е к РТИ 
cens A ===. cehs Ж. СеН5 а Bw 
о о о он 


Draw mono enol 
tautomers only. 


О OH OH O 
2 (а 


(Conjugated enols are preferred.) 


21.2 


leptospermone 


least stable enol 
С-С is not conjugated. 


н... 
он О `0: [e] 
= Е he [КУ a lls et 22255 | 
S d aie H CA о-р-о Зао“ Ро НО ,0-Р-о 
о О О о 
20: + Sion ТОН 
(-ң-он, И | 
20: ү 
нб Å ,0-5-о 
b- 
+ њо' 
21.4 
Е н етене D H s EE 
H H H 
— coe еН зен I cu SS 
[2 x 
т. 9-0 :0-0 O-D :0-D 
x О 
р-а е + H-CI 
р р D D 
H {oH 
р-а + 25. .о1ь 
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21.3 Тһе mechanism has two steps for each part: protonation followed by deprotonation. 


он 9 


21.5 
о o О: о о :0 
| mw а gm 
H H H 
ы ез T 
о О о: 
o о: о 
TEM C а 
CN CN (o 
ЫТ 
21.6 


The indicated H's аге a to a С=О ог СЕМ group, making them more acidic because their 
removal forms conjugate bases that are resonance stabilized. 


| | y 
ре b. Pa c. BIE а. E с 
| | | | | ( 


Сх; . 
n н-он; H20 
С н је 
он о 
Н 
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21.7 
ДАХ A | | 
-H* [e | H* 
2552 | =н" Dm un xn 
o 0 20: ʻO: 202010: :0: :0: 20:00:10: 
:О: :О: Е 
по resonance stabilization Two resonance structures stabilize Three resonance structures stabilize 
least acidic the conjugate base. the conjugate base. 
intermediate acidity most acidic 


21.8 In each of the reactions, the LDA pulls off the most acidic proton. 


о о 
О о 
5 LDA x ele am LDA m T 
| ТНЕ ш o THF 9) 
CHO LDA CHO CN LDA CN 
b. THF d. din db THF СЕ 


21.9 In addition to being strong bases, organolithiums are good nucleophiles that can add to а 
carbonyl group instead of pulling off a proton to generate an enolate. 


21.10 


LDA, THF forms the kinetic enolate by removing a proton from the less substituted C. 
Treatment with NaOCH,, СН,ОН forms the thermodynamic enolate by removing a proton 
from the more substituted C. 


Seit pu ue а О LDA, THF М 
О E. 
p О О 

а. - NaOCH3 pee с. - маосн; 


CH30H У 


CH30H 
о 
о LDA, THF E 
b. - маосн; e 
CH30H 
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21.11 
a. This acidic H is removed with base to form an achiral enolate. 
| o à 
H N 
an NaOH 2 H20 ~ 
Н + 
(R)-2-methylcyclohexanone achiral 
Protonation of the planar achiral enolate occurs with equal 
probability from two sides, so a racemic mixture is formed. The 
racemic mixture is optically inactive. 
b. О 
NaOH T д 
Н 
^, 
(R)-3-methylcyclohexanone 
This stereogenic center is not located at the а carbon, 
so itis not deprotonated with base. Its configuration is retained 
in the product, and the product remains optically active. 
21.12 
CI О О 
Сіз Во, СНҘСО-Н Вг 
а. = 9) 9) с. 
H20, НСІ 
О О 
Вг 
b. P Wd = 
H CH4CO;H H 
Br 
21.13 
О О О 
Bro, "OH Br = І І I -OH 
а, : X Br b гон. “С с. Ec o- + Нев 
21.14 
О О 
Li CH3SH 
a. __|рСсоз „ - C EN ues 
LiBr 
Br DMF Br SCH3 


о 
5 274 CH3CH3NH? 


Br NHCH>CH3 
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21.15 


NaOH 


CH30 CH30 CH30 


C2oH22N205 


Use a reducing 
reagent to convert МаВн,, CH3OH 
the С=О to CH-OH. 


== 


СНО 2-4 
quinine 


21.16 
p 1] LDA, THF 1] LDA, THF 

2] СнҙСн;І 2] CH3CH3I 

1] LDA, THF 1] LDA, THF CN 

2] CH3CH3I Сү; 2] СНзСн СҮТ 
21.17 

1] LDA, THF 
2] CHsl 


Pe T [1] LDA, THF 
3 [2] СНА о о о 
o. ЕА THF 
с. 5 [2] СНА 
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21.18 Three steps are needed: [1] formation of ап enolate; [2] alkylation; [3] hydrolysis of the ester. 


о ео 
~~ иір s [2] CHaT 
ee О ee О МР 1 


А 
[3] H30* 
The product is racemic because the new OH 
stereogenic center is formed by alkylation of a 
planar enolate with equal probability from above о 
and below. о 
паргохеп 
21.19 
О LDA CH3CH2Br m 
a. p ПР 
же PME 
(from a.) Е 
[9] 
pw KOC(CH3)s ро esum CH3Br CH3Br 
с. (CH3sCOH ^ 9 
21.20 
n" Br 
LDA CHsI Br; 1604 
Ө ТНЕ 9 Ө CH2CO-H S ET 
3CO2 l 
О О О О DMF 
B с 


a-methylene- 
y-butyrolactone 


21.21 Decarboxylation occurs only when a carboxy group is bonded to the a C of another carbonyl 


group. 
COOH COOH о | 
а. «овон ТЕ с. ~ AÀ coon d. mt 
4 2i | Б 
ҮЕЅ NO ves ^ NO 


21.22 


о 
[1] NaOEt ‚н о” * 
а СНИСОЉЕЊ - з b. снСОЕ0, [ÜNaOEt _ [Мао _ HO En 
(о [2] CHBr — [2] СНзВг А 
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21.23 
COOH 


а е ^-^ 


О 
b. pp Vv СУ Br 


4 > СООН 


21.24 Locate the a C to the COOH group, and identify all of the alkyl groups bonded to it. These 
groups are from alkyl halides, and the remainder of the molecule is from diethyl malonate. 


o 
S РЕМЕТ 
он 
а 
[1] NaOEt H30* О 
СН>(СО>Е9› ^ " 
^ OH 


ý ет 

«О 
[1] NaOEt [1] NaOEt H30° OH 
[2] ^. Br ^ 5 

[2] 

Br 
с. 
MENU EE 
а 


CH2(CO2Et)2 


HO О А 
[1] NaOEt [1] NaOEt H30. 
CH2(CO2Et)2 = s x: 
р вр 2) вг А но” “о 
21.25 Тһе reaction works best when the alkyl halide is 1? or CH,X, because this is ап 5,2 reaction. 
о 27 | о О 
а. b. MN C. a 
Des, bs OH оу он 
! ДУХ aryl halide 
(CH3)3CX Y Ыы This compound has 3 СНз groups on the а 
(leaving group on an ; 
3? alkyl halide 2 27: carbon to the СООН. Тһе malonic ester 
(too crowded) sp* hybridized C) synthesis can be used to prepare mono- and 


disubstituted carboxylic acids only: RCH2COOH 
Агу! halides are unreactive and В>СНСООН, but not ВзССООН. 


іп 542 reactions. 


21.26 


о 
" ЖА [1] NaOEt p ы ЖА [1] NaOEt 
ов ов 


[2] CHsI [2] CH3CHCH>Br 
[3] H30", А [3] NaOEt 

[4] СЕНБСЊЕ 

[5] 4407, А 


Chapter 21-12 


21.27 Locate the a C. АП alkyl groups on the a C come from alkyl halides, and the remainder of the 
molecule comes from ethyl acetoacetate. 


o o 
pu о 0 [1] NaOEt H30* 
NS № = = Pw 
a: à OEt [2] CH3CH2Br A 
О АД [1] NaOEt [1] NaOEt H30* 
b. Жа ms OEt [2]CH3CH>Br — [2] CH3CHBr ^ 
о о о о 
АД [1] NaOEt [1] NaOEt H30* 
a = = » 
e УТ OFt  pDicH,CHjBr [2] CH3(CH)3Br А 


21.28 


Вг NaOEt 
ls. De Ок! + Br же. ОЕ 
(2 едим) 


О О 
о о [1] NaOEt H30* 
ы ud 
Ок: [2] ү ^ 
e CO2Et сњо 
Вг 


nabumetone 
CH3O 


21.29 


0 [1] LDA, THF о 
b. e [2] Br 
CH30 CH30 
nabumetone 


21.30 Use the directions from Answer 21.1 to draw the enol tautomer(s). In cases where E and Z 


isomers can form, only one isomer is drawn. 
О 


он о о OH O OH O 
А ok eek, b. БІНЕ - E И DK Hs pw 
6 H H OEt OEt ^ "og 


unconjugated enol 
(less stable) 


" 
O он OH OH 
E 
P DA on 
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2) | | ( NaOH ( Za p: 
H20 ( 


21.31 


А B с 
о О 
Н 
О О 
2, == о 
опе axial and опе equatorial Both groups are equatorial. Both groups are equatorial 7 cis. 
group, less stable more stable 

Compound C will not isomerize because it 
This isomerization will occur because it makes already has the more stable arrangement 

a more stable compound. of substituents. 


21.32 Use the directions from Answer 21.1 to draw the enol tautomer(s). In cases where E and Z 
isomers can form, only one isomer is drawn. 


ХХ 
a z> с О О НО О НО О 
О OH Башак а + 
n 
conjugated enol ue Ж 
(more stable) (mono enol form) conjugated enol 
OH (more stable) 


b. О он 
е Асе. s= TN 


21.33 
О О НО О 
а p == CT o o Ho o 
Conjugation stabilizes this enol. not conjugated 
higher percentage of enol 
о НО О О НО О 
s xc Ig err 
О О 
not conjugated conjugated С-С 
higher percentage of enol 
21.34 


Chapter 21-14 


О 
b. HO AY 
! H H 


Hp Hc 


Нь is bonded to an sp? hybridized 
C = least acidic. 

Hc is bonded to ап а С = 
intermediate acidity. 

Ha is bonded to О = most acidic. 


> Q 


LDA 
d. 
о 
Removal of Ha gives two resonance 
structures. The negative charge is 
Њ пемег оп О. 
Њ 
О о- 
Ha На 
----- Hp = Hp 
Ha Ha 


Removal of Hp gives three resonance structures. The negative charge is on 
О in one resonance structure, making the conjugate base more stable and Hp 


21.35 
ON 
"d H Hp j ü 
Hc 
He is bonded to an sp? hybridized C = least acidic. 
Ha is bonded to an a С = intermediate acidity. 
Hp is bonded to ап a C, and is adjacent 
to a benzene ring = most acidic. 
21.36 
о О 
4 LDA жа 
а. 
ТНЕ 
CN LDA CN 
21.37 
О О 
H, Hp remove Ha 2 Hp 
ве Н 
Ha Hp d нь 
О О 
На Њ remove Hp На _ 
Eoc MÀ 5] H 
Ha Hp Ha P 
21.38 a. 
[9] 
HN 
vile | У он 
H2N > N d 
2 
5 
keto form 
acyclovir 


more acidic (lower pKa). 


enol form 


In the enol form, the bicyclic ring system has four т bonds (eight т electrons) and a lone pair 
on N, for a total of 10 « electrons. This makes it aromatic by Hückel's rule (Section 15.7). 


b. The keto form of acyclovir can also be drawn in a resonance form that gives it 10 т electrons, 


making it aromatic as well. 
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64 DNE 
БЕ 


aromatic 
completely conjugated 
10 x electrons 


OH 


21.39 
ДА 
pentane-2,4-dione 
| base (1 equiv) 
О О О О 
1] CH3I TE base [1] CH3I ДЕ 2 
1 H20 реда > equiv) ій 2 [2] H20 
A | в 
more nucleophilic site 
One equivalent of base removes the most With a second equivalent of base a dianion is formed. 
acidic proton between the two C=O's, to form Since the second enolate is less resonance stabilized, it 
A on alkylation with СНЗІ. is more nucleophilic and reacts first in an alkylation with 
СНЗІ, forming B after protonation with H20. 
21.40 
HO HO HO 
> О Е О E О 
HO : 9 HO е 2 HO > 9 
H \— H H 
HO OH HO О О OH 
enediol keto tautomer A keto tautomer B 


The enediol is more stable than either of the two keto tautomers because it is more highly 
conjugated. More resonance structures can be drawn, which delocalize the lone pairs of the two 
OH groups bonded to the С=С. Such delocalization is not possible with either keto tautomer. 


21.41 In the haloform reaction, the three H's of the CH, group are successively replaced by X, to form 


:О: 
Н 
I H 


an intermediate that is oxidatively cleaved with base. 


Repeat 
[1] and [2] 
two times. 
Hor 
e 
\ сї 
= A HEN 3 
Ap S | 
+ СНВ Гар 
ОН 
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21.42 Use the directions from Answer 21.24. 


[9] 
а: и. == СНАОСЊВг 
а 
> 
а = В 
C иУ--Г awe г 
апа 
О CO3H Ss 
b. Jee! => Br 
HO 
a 


[1] NaOEt H30* ee ee 
CH2(CO2Et)2 > x Bl 


о О 
b = ӨТЕ 7 [1] NaOEt [f] NaOEt H3O* 
HO CH2(CO2Et)2 > > > HO 
| [2] E 22 [2] СНзВг ^ 
CO;H 
р CO;H 
с о [1] NaOEt [1] NaOEt H30 
F a CH3(COSEt) а = - 0 
о [2] о Br [2] Вг А <_ 
Ка e 
О 
21.44 
О О О О О О 
ПЕ [1] NaOEt [f] NaOEt 
До о [2] CH3CH>CH Br o or vs [2] CH3CH>CH>Br о g^ 
H3O* 
А 
од 
Н 
О 
valproic acid 
21.45 
[1] NaOEt H30* CH30H [1] CH3MgBr (2 equiv) PH 
CH3(COSEt); 2 сон 3 ФЕ : га 
[2] BICH;CH2CH;CH3CH3Br А H2SO4 [2] H20 
[3] NaOEt 
21.46 
О О О О 
О " 
О +- [1] Ма СН(СООЕ 
А ІП Ма" “СН(СООЕ)9) _ ро он b. Д. TO = EO OEt 
LAS [2] Но Н Н 2 
OH 
OH 
nucleophilic attack here 
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p. o о о 
? T.cm 1] Na* -СН(СООЕ 
c Д [1] Ма" -CH(COOEt); 55 ag à Д. Д. [1] Na ( 92 
ci [2]H;O о [2] H20 ЕО OEt 
9 о 
+ СНзСООН 
21.47 Use the directions from Answer 21.27. 
О О 
5 “ee [1] NaOEt но” 
а. Қ.А = > 
A ве 2] ny " dy 
O ДНИ = 
| АД (1 NaOEt ПІ NaOEt H30* 
b. " " 2 
p. ов [2] CH3CH2Br [2] zd А 
a 
| | о o О 
| gulis — = 
OEt [2] mv ^ 
Br Br 
[3] NaOEt 
21.48 
о о + о 
кр [1] NaOEt [1] NaOEt H30 
a. = 
OEt [2] CH3Br [2] CH3Br A 
о © 5 
Б. LDA И CHI 
THF 
(from a.) 
| 
о 20 [1] NaOEt [1] NaOEt H30* 5 
ов [2] p 12 25) А 
КӨ Ж о 
Вг 
21.49 
о о 6 " 2 
[f] LDA 
OH 
а. А а 
| [2] CH3CH2I 
но” “о но 
О О 
b PR [LDA р [1] Ве, СНҘСОҘН 
. е. = 
он [2] CH3CH2I P OEt [2] Li3CO,, LiBr, DMF 
Led. AK, 2 
БЕ NH Т) (excess - 
: wes і x К S 
-OH 
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О О 
Ман T к Вг (ехсеѕѕ) 
9. АТС =N А 
СІ CN -Он 
Вг Вг 


21.50 
О О О О О 
[1] LDA [1] LDA 
a. NS „ы T с. 
6 7] mad - 2 
H [2] СНУ H 
О 
Б. 
21.51 
So ^o © ^o 
HO маосња :9 gu SN Е 
= o Bold atoms are in final product. 
CH3OH О O 
Б x 
“Хо о” А 
several 
Br2 | steps 
оо 
N^ 
S 
E NH ~ 
о 
NUON 
N | 2 
| ~ М О 
ЖМ он 
bosentan 
21.52 
О 


“у Ty 


HO ОН | steps 


F 
N 


atorvastatin 
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21.53 
/ \ О О О 
О о 
СОЕ н.о? а 
а. 3 А 
POPE „а> x; 506% 
А 
В-Кеїо acid readily Ce H490 
undergoes decarboxylation. 
+ HOT + вон 
/ \ О 
О О 
H30* а This compound has а С=О and а COH 
b. group, but the CO2H is not В to the C=O, so 
А Y decarboxylation does not readily occur. 
CO Et В `СО2Н 
C7H1903 
+ ug а ОН + EtOH 
21.54 
И] NaNR> 
о >; О 
TBDMSO N [2] TBDMSO N 
H Br INF 
G 
2 
о г о 
қ [1] LINR2 М 
О [2] CH3I о 
о О 
H 
21.55 
Lor COOH [f]LDA COO рјсну КӨ ee СООСН; 
removal of the substitution 
most acidic H reaction 
D EF 
Removal of the most acidic proton with LDA forms a carboxylate anion that reacts as a 
nucleophile with CH,I to form an ester as substitution product. 
21.56 


N 


ж 
| 2 БАСА ud Sl S " 
8; см NaH CN CN NaH = CN 
ae СІ E 
— 


CN 
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b. X can be converted to meperidine by hydrolysis of the nitrile and esterification. 


/ 
N^ N "i 
Шо [1] SOCI; 
CN p" 
[2] OH О 
х 5 он T < 


meperidine 


21.57 Protonation in Step [3] can occur from below (to re-form the R isomer) or from above to form 


the S isomer as shown. 


R isomer 
inactive enantiomer 


HA 


S isomer 


active enantiomer (* one more resonance structure) 


21.58 
О 
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zd Е 10 
e * HOEt 2 
Бој: 
E Sig ue ОЕ 
о: СОН ње O0 | "S " 
:0: H 
E E - 
О 08 :0 ЈЕ 2% N OEt 
Vs не) 
H20: 
PNE T E “6 H20: 
го: НО: ул" ы, Те HOS SoH ioi НО: зон kou DES ый 
+ Н H20: Paus H 
OEt ——- . QE ——— GOE — . oe 
еј 9 ^ © [ He) 
—OH 
+ .. 
H30: * EtOH 
LA “©: 
.. «LH H20: e 25 :0: j 
:0 ne :OH HOH a ó 
+ .. 
О а ) ol N ds) + но? 
+ СО В-кею acid 


+ H30* 


21.60 Protons on the ~ carbon of an a,3-unsaturated carbonyl compound are acidic because of 


resonance. 


There is no H on this C, so a planar 
enolate cannot form and this 
stereogenic center cannot change. 


Protonation of the 


О В 
о planar enolate сап 
ка occur from below (to re- 
X H- OH form starting material 
vi X), or from above to 
Remove the H on this y C. form Y. 


Removal of this proton forms a 
resonance-stabilized anion. 


One resonance structure places 
a negative charge on O. 
=> 
:О ~ 10 
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21.61 
ІрА = В 6: 
20: :0: ОЗ 
Сен 
Н A 675 + 5 
Ж vow ы espe m W Br 
B: 
СН5 СвНь € 
Hon o 
A 
ла AS + HB* + Br 
Hs H 
СНБ — САНЕ 
:0: ЗВ :0: # о 
fe = ee ~ A U This reaction occurs with 
Br Y Br Br > | both bases [LDA and 
KOC(CH3)j]. 
CeHs СвНь СвНь + нв“ С6Н5 3/3 
+ Br. 
20: 10: == CsHs 
= 22 A Е 
ың „Га, + Br 
Н Сен 0: 
C Өтө CeHs | 
:0C(CH3)s + HOC(CHs)s 
21.62 


a. Because there are two C's bonded to the o carbon, there are two possible intramolecular alkylation 
reactions. 


Path [1] 
| Br 
e Path [1] 
с —— 
О О 
А two different halo 
ketones possible 
Path [2] 
Path [2] у 
Вг О 
b. 
Form both bonds to the a carbon during 
acetoacetic ester synthesis. 
Y 
СОЕ 
О 
О + 
[1] NaOEt Br о NaOEt H3O 
[2] ЕСС S А Ü 
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21.63 
о 
И] LDA, THF [1] LDA, THF 
Ө: [2] CH3Br [2] CH3CH2Br 
CH3CH2Br 
[1] Li (2 equiv) 
n 9 О [2] CuI (0.5 equiv) © 
Вг; Br. discos [1] (CH3CH2)2CuLi 
b. ———— DAE ы 
CH3COOH LiBr [2] H20 
DMF 
о О 
[1] LDA, THF [1] LDA, THF v HE o Li2COs 
с. CH3COOH Br LiBr 
[2] CH3CH2Br [2] CH3CH2Br DMEF 
21.64 
О О О О 
Б СІ eg Ср Вг; 
AlCls FeCl CH3CO;H Br 
CI CI У 
NH; 
о 
Н 
Ps 
CI 
bupropion 
21.65 
NaCN [1] LDA 
Br Br (2 equiv) NC CN [2] CH3I NC CN 
(4 equiv each) 
т” 
NEN Bro 
нм: 2 һу 
ман 
М т Вг 
| М 
М A N ША” 
je 
-NLY 
NC CN 
NC CN 


anastrozole 
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21.66 
о О 4 i 
pu Riu s ей о. „ДО несњоњон O? _. 
[2] HC E CCH3Br TsOH 
COOEt | [1] Ман 
[2] CH3I 
ДА = 
2 J ы” 
Lindlar catalyst ==— Ch; 
21.67 


OH 
oe O TENES _ твомѕ-сі | ГІ. айы. O~ 
HO imidazole TBDMSO TBDMSO 


(+ ortho isomer) [3] ie О 


"n Br 
О СІ 


pyridine 
О 
A Я 
x es Br 
LDA A О 
TBDMSO 


1] Ph3P 


prap =/ 2] BuLi 


сүген Bu4NF dp T 
КЕ 2 SAC TBDMSO 
Y 


(* isomer at С-С) 


21.68 
© 29 Не На 
A Y= — (CHàjCH-C ^ / 
a. О | t № ењењењ = He 
"wo 06 [1] CHsL i Aw Hs Hp 
T [2] CHsI a С.Н „О — one degree of unsaturation 
y IR peak at 1713 сш" — C=O 
'H NMR signals at (ppm) 


H: triplet at 0.7 (3 Н) 
H,: doublet at 0.9 (6 H) 
H, sextet at 1.3 (2 H) 
H: triplet at 1.9 (2 H) 
Н,: septet at 2.1 (1 H) 


Substitution Reactions of Carbonyl Compounds 21-25 


CH3—I 
V 


21.69 Removal of H, with base does not generate an anion that can delocalize onto the carbonyl O 
atom, whereas removal of H, generates an enolate that is delocalized on O. 


CO2CH3 


CO2CH3 CO2CH3 
Delocalization of this sort can't 
occur by removal of Ha, 
making Ha less acidic. 
H 
: ог 
CO2CH3 
Removal of Hp gives an anion 
that is resonance stabilized, so 
H Hp is more acidic. 
Mechanism: 
о 
Ñ сосн 278 CO4CH; CO4CH; 
6 


CO2CH3 


Юк КЪ 
+ CH3OH 
у CO;CH3 
S 
ње 
:О:_ 
CO2CH3 CO2CH3 
HO-H 
OH * P An p 
0: 0: 
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21.70 


с он :OH :Он он он 


20: S 
b 
да СЕ. @ 12-shift T 
В С) у 


HSO, 


+ H20 
x = 
+ " + H20 | 
a m неон < > 
ӛн) :OH ln? “ОН 0. 
оз б: о 
H a р, РЕ: = 2 Lr et 
+ H20 & но 
üt d m 
+ H20 О: 
+ ње 
Ee 
+ HOCH;CHs 


21.72 


:0: co #05 :0: 
б, 
5 | 2 2 wu 


I 


e 
H—NH5 
[un 
or N [d 
(Qi H-NH> :Он | 
Е е 
~ NH2 
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21.73 a. In the presence of base an achiral enolate that can be protonated from both sides is formed. 


ч OH 
N ж 
He 
front RO 
_.. conjugated 
НИ ‚он ОШ | он о 
Н = 
о < E RO H20 
4 
О 
Баск 
(-)-hyoscyamine achiral 


racemic mixture 
optically inactive 


b. The enolate A formed from (—)-hyoscyamine is conjugated with the benzene ring, making it 
easier to form. The enolate В formed from (—)-littorine is not conjugated, so it is less readily 
formed. 


HN NOT conjugated 
(-)-littorine B 
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Chapter 22 Carbonyl Condensation Reactions 


Chapter Review 


The four major carbonyl condensation reactions 


Reaction type Reaction 
A O он О 
[1] Aldol reaction А Д, Я -OH А AN R -OH " ~ R 
(22.1) i њо R њо" à 
3 
4. B-hydroxy carbonyl (E and Z) 
compound o, B-unsaturated 
carbonyl compound 
9 11 NaOR' n n 
[2] Claisen reaction 2 Å R Шона R 
22.5 М к 
( d ) ester R 
p-keto ester 
о о zn О О 
. . or 
[3] Michael reaction ке + A ИЕ ЕР Я 
R -OH 
(22-9) a,B-unsaturated carbonyl he alee ony) compound 
carbonyl compound compound 
d -OH 
[4] Robinson $ LO 
O H20 
à о О 
аппшабоп (22.9) 
o, p-unsaturated carbonyl cyclohex-2-enone 
carbonyl compound compound 
Useful variations 
[1] Directed aldol reaction (22.3) 
O О OH О 
Js т М] LDA A. -он AA 
" " R" R 
R [2] RCHO 2 = ог | 
3] H20 R' + : 
R" - H or alkyl xi H30 
(E апа 2) 


B-hydroxy carbonyl 
compound a, p-unsaturated 


carbonyl compound 
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[2] Intramolecular aldol reaction (22.4) 


a. With 1,4-dicarbonyl compounds: 


NaOEt 
EtOH 


b. With 1,5-dicarbonyl compounds: 


[3] Dieckmann reaction (22.7) 


a. With 1,6-diesters: 


| 
О 
NaOEt 
EtOH 
[1] NaOEt 
o Но 


ж 
| | 
ОЕ 
О 
OEt 


О 
О 
OEt 
b. With 1,7-diesters: 
О 


O о 
OEt 
о о 
5 [1] NaOEt OEt 
[2] H30* 


OEt 


Practice Test on Chapter Review 


Та. Which compounds are possible Michael acceptors? 
7 bob d 5: жа 
О О 
О 


4. Both compounds (1) апа (2) are Michael acceptors. 


2 ов 5. Compounds (1), (2), апа (3) are all Michael acceptors. 


b. Which of the following compounds can be formed by an aldol reaction? 


О 
1. ца ы ты С Не Э: "Do 
о 4. Both (1) апа (2) can be formed by aldol reactions. 
2. КУ 5. Compounds (1), (2), and (3) can all be formed Бу aldol reactions. 
OH 


Carbonyl Condensation Reactions 22-3 
c. Which compounds can be formed in a Robinson annulation? 


О О 
Q > 
CO2Et 4. Compounds (1) and (2) can be formed by Robinson annulations. 
2. oe; 5. Compounds (1), (2), and (3) can all be formed by Robinson annulations. 
d. What compounds can be used to form A by a condensation reaction? 


[9] [9] О О 
FTO СОЕ CHO 
| СҮ | СУ 
апа апа 
А 


о О 
4. Compounds (1) and (2) сап be used to form А. 
2. OEt 


5. Compounds (1), (2), and (3) can all be used to 
form A. 


2. Give the reagents required for each step. 


(с) 


о е) 
О О 
-2 -0 Aa i 
EtO 
е) е) 


3. Draw the organic products formed in the following reactions. 
О 


О 
О 
а. [f] LDA & PO | NaOEt 
[2] CHSCH2CHO 5 EtOH 
[3] H20 


9) CHO -ОН, Н20 
[1] NaOEt, EtOH 
b. + HCOSEt | ———————— — d. * 
[2] H30* 


4.a. What organic starting materials are needed to synthesize D by a Robinson annulation reaction? 


О 


wae 
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b. What organic starting materials are needed to synthesize 9-Кейо ester В by a Dieckmann 
reaction? 
о 


сози 
B 
c. What starting materials are needed to synthesize A by an aldol reaction? 


О 
AS — 
А 


Answers to Practice Test 


1.а.4 3. 4. 
b. 2 О OH О 
с.1 а а. CDZCHs " D 
d.4 = 


2.a. [1] O,; [2] (CH,),S 9 OEt 
b. CrO,, H,SO,, H,O i T СТІ 
CHO ` 
СОЕ: 


c. CH,CH,OH, H,SO, 


d. [1] NaOEt, EtOH; [2] H,O* К 
e. [1] LDA; [2] CHI | 
2 O 
C. 


(E and Z isomers) 


o 


.- 
/ 
. 


Chapter 22: Answers to Problems 


22.1 


о 
I 
о 


9) OH 
о H 
a. = [en Z 
H 
о 
b. P. ------- 
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22.2 
О 
сно n CHO 
a. b. C. d. 
LT | ГЕ н REN 
aH 
no a H noa H 
no aldol reaction yes no aldol reaction yes 
22.3 
О OH О 
а О base О base 
© 27 
НО 
НО CHO CHO 
base Ten 
(E and Z isomers) 
22.4 
4 ~ H+OSO3H + ó 
о: :0 :0: (зон, :0: 
— > EE — > p 
H H H ^ H 
ж” 
H H - 
H Е HSO, $ Н25Од 
+ — H3O: 


22.5 Locate the o and 9 C's to the carbonyl group, and break the molecule into two halves at this 
bond. The a С and all of the atoms bonded to it belong to one carbonyl component. The 8 C 
and all of the atoms bonded to it belong to the other carbonyl component. 


22.6 
Ce 
H H 
У" — EY 
:0: p Mi 


CHO 
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22.7 


О 
а. P ын апа. ——- d grae ue. СО) 
at (E and Z isomers) 


22.8 


СОЕ 


H H H 
2 СОЕ 
B CH2(CO2Et)2 c. 6 CHsCOCH;CN | 
NC СОСН; 


сосн; 


(E апа 2 isomers) 
H Z 
> (УТ CH3(COCH3); (үз сосна 
О —  5- 


22.9 Form the enolate of the 8-dicarbonyl compound A and react this enolate with the aldehyde B. 


A Mog 


A N. the (E and Z isomers form.) 


enolate here. 


22.10 
CHO 
2 H NaBH, 
7% ено А ба 
20 ' сњон 
он ов 
CHO сна 
DHL аа а 
b. 
(E and Z mixture) [2] H20 
CHO OH 
NaBH 
CH3OH 
(from b.) (E and Z) 
CHO OH 
di ode О А ен p 
[2] H20 
(from b.) 
(E and Z) 
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m m с СЕ g 
HO m С > | С 


Мег 


22.12 Find the o and (3 C's to the carbonyl group and break the bond between them. 
о он 


22.11 


uh UO 


22.13 


CH3O 
CH30 CH30 donepezil 


22.14 All enolates have a second resonance structure with a negative charge on O. 
:0: :0: C э 


Pu n Ao „ү + EtOH 
вон 
HH 
во: \ 
:О ds :OH BÉ Ww 
T3 +:0H +— E EO H 


+ EtOH 
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22,15 
О 
О О 
ү ве = 
Ё cho НО T H20 
22.16 
[1] Оз -OH 
— о CHO [e 
ү [2] (CH3)2S bbb H20 C» 
A B 


О 
а. — P 
OCH; 


22.18 Іп a crossed Claisen reaction between an ester and a ketone, the enolate is formed from the 


ketone, and the product is a 9-dicarbonyl compound. 
о. „Н 
Ре ОЕ 
О 
о о 


22.19 А 8-dicarbonyl compound like avobenzone is prepared by a crossed Claisen reaction between a 
ketone and an ester. 


О О 
«Хо 
оо T 
ub снҙо 
| А ог 
О о 
Break the molecule into о” 
two components at either E 
dashed line. 
CH30 
avobenzone 


<x NxN СО and | HCOsEt 


a. 


Only this compound 
can form an enolate. 


The ketone 
forms the enolate. 
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22.20 
О О О 
[1 масе 55 C и] масе о 
А [2] (EtO);C-O " OEt [2] CICO5Et OEt 
EtO О 
22.21 
СОЕ ОЕ 
[1] NaOEt [1] NaOEt 
[2] (EtO)2C=O 2] СНзЇ 
H30* 
^ о 
OH 
ibuprofen 
22.22 


О О О 
ОЕ! 
9 он + во 
О 


22.23 A Michael acceptor is ап a,3-unsaturated carbonyl compound. 


о о о о 
с а. Шы 
Ae Я жын р сњо“ ~~ 


а,В-ипѕаїигаќеа not а,В-ипѕаїигаѓеа not а,В-ипѕаќигаїеа о,В-ипѕаќигаїеа 
yes—Michael acceptor yes—Michael acceptor 


О О 
ioe Be od ые 
о НО OEt [2] H20 о 


ЕО-С СОЕ 


о 
"e [üNsOE — CN 
THO _ 


2224 
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22.25 


= 
b. О о | + nd 
Y | 


22.26 The Robinson annulation forms a six-membered ring and three new carbon-carbon bonds: two 
с bonds and one т bond. 


new C-C bond 


| о 
a eg re-draw | d be _CH3CH207 _ ОВ. 
"CH,CH;OH - CH3OH 
3 2 о | 


new o and x bonds 


o 


new C-C bond 
COOEt 


YS eode 
и еш, re-draw od (CH.CH;O- _ 
~CH3CH>0H - 
о 


new o and x bonds 


o 


new С- р Бопа 


О 
О 
| re-draw CH3CH207 
CH4CH;OH SERT) 
О о 


пем б |. л bonds 


о 


new С-С bond 
|соов 


ЕОС EtOOC 
(b „=ч. re- e-draw _ _CH3CH207 _ 
"CH,CH;OH - 
о 


пем о iM л bonds 


о 


22.27 А Robinson annulation forms a conjugated cyclohex-2-enone. In а bicyclic product, опе 
carbon of the С=С must be shared by both rings. 


ча јез ај 


үс 
О 
О 
Балды position 
-—— wrong position 
B D 
no no 
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22.28 


= Loe OO, CO: 3, 


22.29 
© О 
+ -OH 
M қ + CgHsCHO НО < 
Ш/А (E апа 7 isomers) 
OH 
22.30 
CHO 
[1] Оз CHO NaOEt 
[2] (CH3)2S CHO EtOH 
A B 


22.31 The product of an aldol reaction is а 8-hydroxy carbonyl compound or an о 9-unsaturated 
carbonyl compound. The a,3-unsaturated carbonyl compound is drawn as product unless 
elimination of H,O cannot form a conjugated system. 


cha oh os 
eds 


ee 


(E and Z isomers) 
О 


-OH 
^S њо НО H 


22.32 


OH 


о 
M LDA 

3 2, g Pera b: а б о OEt 
[2] CH3CH»CHyCHO [2] Et 
[3] H20 ET CHO ( у 
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22.33 
o О 
-——— е 
à diee а А 
О О 
b. ОНС жж CHO Ch d. о == 
CHO 2 
HO 


22.34 Locate the a and В C's to the carbonyl group, and break the molecule into two halves at this 
bond. The a C and all of the atoms bonded to it belong to one carbonyl component. The З С 


and all the atoms bonded to it belong to the other carbonyl component. 
о o XP 


en: А 
а. | М CeHs b. | с. 


о а 


H О O O. Са 
+ gk + СЊЕО + bil + CH3CN 
O° Сен СНБ CHO 


22.35 Base removes the most acidic proton between the two C=O’s in B. This enolate reacts with 
the aldehyde in А to form a product that loses Н,О. 


Form enolate here. 


Ө | Н он 
/ н со соу 
А B о 


22.36 
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22.37 Ozonolysis cleaves the С-С, and base catalyzes an intramolecular aldol reaction. 


О О 


СНО 


22.38 Aldol reactions proceed via resonance-stabilized enolates. К can form an enolate that allows 
for delocalization of the negative charge on O. Delocalization is not possible in J, because a 
double bond would be placed at a ни carbon, which is geometrically impossible. 


js 
Ji dy ра Ж Bond angles don't allow 
X this double bond. 
from K from J 
22.39 
ал б | | 
а. ‚== 
ОЕ ОЕ 
О 
ж 
29 К G o о 
b. -y OEt 
OEt 
Өз: 
22.40 
О 
o о о о 
8 p МАС C NOE UR а O + HCOÆt 
OEt 2 


а. 
Д i 12 
b. аи + + А 2 и 
ЕО ов 
ов ЕО ов Pan ч > СІ ОЕ кг 
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22.41 


О 
СНзО EUM а ос с ===) 
а. 
о 
o^ “оғ (EtO);C-O 


or 


SH Џ | NN 
OEt EtO 


H OEt 


О 


~ е 
6 or 
+ p 
OEt H 
о О 
CeHs Өн CeHs ЕО OEt 
Or ie — з Э а, 
[9] O O о === 
о о 
С. Д 
ов 207 “он 


22.42 Only esters with two H's or three H's on the o carbon form enolates that undergo Claisen 
reaction to form resonance-stabilized enolates of the product Q-keto ester. Thus, the enolate 


о 


forms оп the CH, a to опе ester carbonyl, and cyclization yields а five-membered ring. 


This is the only а carbon with 2 H's. 


о 
OCH NaOCH3 OCH, [1] nucleophilic attack СЊО-С CO2CH3 
CH30 3 CH30 3 E 302 
О CH30OH [2] loss of СНО” 
CH30 [e] [3] deprotonation о 
B 
CO2CH 
CH303C CO2CH3 gor = CH302C Ж осы ___ CH305C 2CH3 
H 
EY :0: 
О .. 
acidic Н between 2 C=O's highly resonance-stabilized enolate 
Formation of this enolate drives the 
reaction to completion. 
22.43 
О О 
Сов, ОН | EtOH 
a. 27 25 CeHs C6H5 C6H5 
СНБ 
О О 
“ОЕ, EtOH 
b "ПЦ УЧЕ EE 
CN 
CN 
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22.44 
О 
О О О О 
| 6 | СОЕ СОЕ 
m 
Pu А р; 2 | 
CgHs СОЕ 
22.45 
о О 
— 
: Day are 
Michael 
О геасїїоп О 
А 
(Е ог 2 ізотег 
сап be used.) 
О 
b < NO ae 
H ‘OH 
О 
© 
он + ^X х= EN 
+ њо 

22.46 


о О 
p t PE UN [eu d Эн 
b. D * Мм зы EUCH > 
CeHs + H20 
О О CcHs О СвН5 


о 
m Р 7 -OH 
ге-агам/ 
С. + pw жеттен de * но 
о о o 
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О Л 
_fe-draw _ “ОН 
d. А 2 H20 
O о 2 о 


А Rie Ча 
000 = £ OC 


22.48 


О О б 
NaOEt, EtOH Ж Р Н i dd NaOCH3 
a. | + H3OH 
(CH3)2C-O О CH30 A 


о о О 


CHO 
9 NaOEt, EtOH CN o : ы ТТ 
E чс А жа © i gh. БА 
OEt ( Уо CO>Et CeHs H20 (E апа 2) 


fe] OH O ов 
pu И] LDA tee in [1] NaOEt, EtOH 
с. о 
2] CH3CH2CHO f. o 
2 эне 
2 


ОЕ 


22.49 
a. This reaction is а crossed Claisen between ап ester and ketone. Cyclization forms the more 
stable six-membered ring. 
О о 


7 [1] NaOEt, EtOH 


[2] H30* 


[1] NaOEt, EtOH [1] addition 


a 


[2] elimination 


[2] H30* 
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[ [1] Оз С 2 маон С о 
о [2] (CH3)2S о H EtOH o 
О Dx B О 
9 он 
Н А 


Form the enolate here to 
generate a five-membered ring 
in the product. 


22.50 


new C-C bond 


The RCHO has the more 
accessible carbonyl. 


22.51 Enolate A is more substituted (and more stable) than either of the other two possible enolates 
and attacks an aldehyde carbonyl group, which is sterically less hindered than a ketone 


carbonyl. The resulting ring size (five-membered) is also quite stable. That is why 
l-acetylcyclopentene is the major product. 


20: 20: .. 
does H - OH 
d 5 E : Бану и“ 
S -- ~ === о: 


о ОН Т кі 
| % н:о: 
нн :0: H А со: ›— у ( 
ў % most stable enolate | 
:OH less hindered carbonyl 


a H20 | 


1-acetylcyclopentene 
major product 


The more hindered ketone carbonyl 


| 
makes nucleophilic attack more 
difficult: CHO 
+ њо 


9 
ӛн | | 
These two reacting functional groups аге о 
с farther away than the reacting groups in the 
first two reactions, making it harder for them 
less stáble;enolate to find each other. Also, the product contains 
T H20 a less stable seven-membered ring. ef 10H 
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22.52 


О О 


Он х b 
Ај О From this intermediate, two 
pathways are possible. 


+ “он 
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22.53 


b de О 
Mur: 
кетте 
КОН, ЊО, ТНЕ steps ~ à 
overall reaction o 
О 


[1] CICO>Et, NaOEt 


= 


[2] ман, ТНЕ several 
S steps 


overall reaction 


M -: ОЕ N jiadifenin 


Chapter 22-20 


22.55 Et,N reacts with phenylacetic acid to form а carboxylate anion that acts as a nucleophile to 
displace Br, forming Y. Then an intramolecular crossed Claisen reaction yields rofecoxib. 


— COH рым CO? x 
V / Ё > 
5,2 СН350; H 


phenylacetic acid 


+ ЕзМН Y 
Et3N: 
ce 
di | 
ргоїоп = 
source 
СНҘ5О2 + 
+ ЕЪМН 
WE 
l^ ~ 
RR — P - + “ОН 
+ CH3SO; 
rofecoxib 


22.56 
:0: tt 
H H 20: 
J P. 06079 
CH3COO^ + СНзСООН 

CH3COO- 
520: 

+ СНзСООН H 

5 "Ur 

еј 

+ СНзСООН 


coumarin 
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22.57 Тһе mechanism consists of an intramolecular aldol reaction using an enolate formed by 
removal of a ^; proton of an a,3—unsaturated carbonyl. The 8-ћудгоху carbonyl compound 
loses H,O by the two-step EIcB mechanism to generate the final product. 


о о 
ZA о .. 
о А- CH30 
осна o осн; o 
A 
(* 2 resonance structures) 
* H20 
o 
о 
А о 


CH3O 
: o^ 


В-ћудгоху carbonyl 


22.58 Because the reaction is carried out in acid, enols (not enolates) must be intermediates. 


H .. + fs 
| > OH OH 3 
но > ae 5? 
ја Н 
N 2 Ноа 1. H* " .. Vw x 
O^ ^H О 


Н20: + H30* 
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22.59 
p: :0:*) ов н5::07, 
“За CO>Et жаа MX „о < СОЁ! 
8 А = + EtOH ЕЮ о ee 
Сем hexa-2,4-dienoate і | 
ма о СОЕ diethyl oxalate He) 


:0: 


Р А | CO2Et : ов 
> Т oE В 


b. The protons on Сб are more acidic than other өр” hybridized С-Н bonds because a highly 
resonance-stabilized carbanion is formed when a proton is removed. One resonance structure 
places a negative charge on the carbonyl О atom. This makes the protons on C6 similar in acidity 
to the o. H's to a carbonyl. 


c. This is a crossed Claisen because it involves the enolate of a conjugated ester reacting with the 
carbonyl group of a second ester. 


22.60 
О о 0 о 
~ [f] LDA [1] NaOEt 
a. 
[2] CH3CO>Et [2] CH3Br 
У“ "ен 
H5SO4 РВгз 

со; О CH30H 

2904 OH 

H20 

e О UH О 
: ~ ПИРА сен 2 “сень 
: CH30H [2] CgHs CHO – H20 
5ОСІ; | РСС unstable | Е. d 
СНзС! [1] Bra, ћу OH HO 
АСЗ [2] ОН ү" СвН5 
О он 8 О 

e ІП CH;MgBr 25 H2504 A 1103 ЖА сю OH, #20 

[2] H20 [2] (СНа)25 

major 
product 
Mg 

їз 

СНзОН CH3Br 
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о о 
2 ~ [1] LDA on uU “(ager egas Н›504 
[2127, gi [2] H20 


PBr3 major 
product 
КАУ 
О [2] (СНз)2$ 
NaOH 
io о ара din 
О О 
22.61 
о О О О О 
-OH, H20 27 а [1] “OH, Но 
a. TENET [2] [9] 
H CI 
[3] H30* 
m о о О O но 
[f] "ОБ, EtOH ds [f] LDA 
b. [2] CICO>Et e. 5 
[3] H30" у= 
о о 55 [3] H20 | ТОН, H20 
-OH, ЊО О О 
à гү “Жо ПИРА Z 
ей 
[3] H20 
22.62 
CeHs CeHs 
К он ЇПМаОн [1] NaOEt [1] ЦАНА ou 
<y [2] H30* СОЕ [2] GH © - СОЕ [2] H20 
О О он 
CH3OH + олеш 


dm АСВ Br 
[2] Bro, hv 
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о о [2] H5O* 
А 
АІСІз 
о 
Л Ж 
СІ 
А 
$065 
О 
СгОз 
ОН (so 
но 
22.63 
[1] Оз CHO CrO; 
[2] (CH3)2S CHO H2504 
22.64 


a. 
— снзон” 
^ pes 


[from part (a)] 


NaBH, РВгз 
О > он - 
CH30H 


7С 
OH СОЕ QU LL COEt 
H3SO4 СОБЕ! [Ho © 


[1] NaOEt 
о | [2] CH3I 


=”. 
CO>Et 


a. 
~ 


Ма 
Вг - im вд MgBr 


2] H20 


(E and Z isomers) 


OH re 
ХА ДАЛ-АЛДУДА 
| сњон“ VM t Зоо 


[from part (b)] 
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22.65 
О О 
CHO p 
SS о LL» Ж О 
а. 
CH3O CH3O 
octinoxate 
Br 
Б [1] ман O В”; T [1] Mg con 
b. с --- =” 
2] ЊС=0 
HO [2] CH3CI сно сно [2] H2 сњо 
| 5ОСІ; (* ortho isomer) Pee 
CH30H снзон REG 
О p CHO 
HO D * HO Н;504 о | ion 
CH30 
СгОз 
Н:504, H20 H20 he y 7 
но ~ 
CH2-O NaOR, ROH 
BrMg [1] РВгз HO 
octinoxate 
[2] Mg 
О | М 
Бы + BrMg жаа 9 Bra v 
H 
PCC 
| РВгҙ 
HO 
22.66 
О ~ 
О 
o base TER 
a. EtO d + ты” К E 
o 5 о Two products 


о 
+ 


ЈЕ 
О 
о are possible. 
О 
д 12 = = 
во “сн; 5 | Ж 
О 


О он о о он 
1] NaOEt 

e ПІ е. = ог 2 

| [2] СНзЇ VI 


conjugated tautomers favored 
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22.67 
Y 
E а 
сњо «со 
+ СНзО- Q < сан, А 
Е 
22.68 
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22.69 All enolates have a second resonance structure with a negative charge on O. 


:0: 
:0: T 10: Em :0: 
И] - [2] | + СОН 
+ HB* E 
Repeat steps 
[11-[5] by 
deprotonating the 
indicated CH3. 
Hen 20: 
ы OL | 
isophorone 22 вр 


+ HB* 


(+ 2 геѕопапсе 
structures) 


О 
о 1,4- о proton о 
Р addition /- transfer AN = 
гон HOF 9 Сн_бн 


2 
m -alkoxy carbonyl 
он В y y | 
О О 
J 
1,4-dicarbonyl 
intramolecular № © сотробва 
aldol H 
бн 


22.71 Allenolates have a second resonance structure with a negative charge оп О. 


COOEt 


| СОСН; 


new bond 


| H20 


new bond 


+ “ОН 


CO2CH3 
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22.72 


а. МЕ > М: = IND (* other resonance structures) 
iH N \ 7 ЖАЗҒА = 


one possible resonance structure 
The negative charge is delocalized on the electronegative N 
atom. This factor is what makes the СНз group bonded to the 
pyridine ring more acidic, and allows the condensation to occur. 


b. The condensation reaction can occur only if the CH, group bonded to the pyridine ring has acidic 
hydrogens that can be removed with OH. 


N ОН Because the negative charge is delocalized on the М, 
N / the CH3 contains acidic H's and reaction will occur. 
H 
2-methylpyridine (+ other resonance structures) 
Ex "E. m = \ \ 
№ 9H N: = М: М: / М: / М: 
\ у af Se ЙА eee cd WM LE NS 
H E mi 
3-methylpyridine No resonance structure places the negative charge on the М, so the CH3 is 


not acidic and condensation does not occur. 
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22.73 Тһе reaction takes place in acid, so enols are involved. After the initial condensation reaction, 
the NH, and С-О groups form an imine by an intramolecular reaction. 


О + ОН :OH 


и ——- СОЕ ——- ~ 2 COSEt 
e 


d 
н-он; 
V 


| enol nucleophile Ar :OH 
> у СОЕ 
M + 
9 нон, ==> 
NH, б: мн; SH) мн; 9: 
A b 
Ar 
F 
1 
a Ar ра 
т СТ НОН» 
0 Ж V 
At Ar j Аг : OH 
£N СОЕ: ИЕ рее 
4% 
NH, О NH2 о NH 
Ar 
СОБЕ E 
Lr EN СОЕ 
a dd о proton N 
5 transfer H сон 
Ж H3O* С 
H-OH; 
7 
Аг fi [ 
СОЕ зен EA 
2 ce - + + 2 т 
" oN H КОН» 
Н 
ss H3O* => 
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The enolate 
opens the 
epoxide ring. 
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Chapter 23 Amines 


Chapter Review 


General facts 


Amines are organic nitrogen compounds having the general structure RNH,, R,NH, or RN, with a 
lone pair of electrons on N (23.1). 

Amines are named using the suffix -amine (23.3). 

АП amines have polar C-N bonds. Primary (1?) and 2? amines have polar N-H bonds and are 
capable of intermolecular hydrogen bonding (23.4). 

The lone pair on N makes amines strong organic bases and nucleophiles (23.7). 


Summary of spectroscopic absorptions (23.4) 


Mass spectra Molecularion Amines with an odd number of М atoms give an odd 
molecular ion. 
IR absorptions N-H 3300-3500 cm" (two peaks for RNH,, one peak for R,NH) 
'HNMR absorptions МН 0.5—5 ppm (no splitting with adjacent protons) 
CH-N 2.3-3.0 ppm (deshielded Csp—H) 
"C NMR absorption С-М 30-50 ppm 


Comparing the basicity of amines and other compounds (23.9) 


Alkylamines (RNH,, К МН, and КМ) are more basic than NH, because of the electron-donating R 
groups (23.9A). 

Alkylamines (RNH,) are more basic than arylamines (C,H,NH,), which have a delocalized lone pair 
from the N atom (23.9B). 

Arylamines with electron-donor groups are more basic than arylamines with electron-withdrawing 
groups (23.9B). 

Alkylamines (RNH,) are more basic than amides (RCONH,), which have a delocalized lone pair 
from the N atom (23.9C). 

Aromatic heterocycles with a localized electron pair on N are more basic than those with a 
delocalized lone pair from the N atom (23.9D). 

Alkylamines with a lone pair in an өр” hybrid orbital are more basic than those with a lone pair in an 
5р’ hybrid orbital (23.9E). 
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Preparation of amines (23.6) 
[1] Direct nucleophilic substitution with NH, and amines (23.6A) 


R—NH; | + NH4 X TET 
a e The mechanism is 5,2. 


ыш e The reaction works best for CH,X or 
КСН,Х. 

e Тһе reaction works best to prepare 1? 
amines and ammonium salts. 


R-X + 
excess 


ammonium salt 


[2] Gabriel synthesis (23.6A) 
R co, ® The mechanism is 5,2. 


TN. окон. + СТ e The reaction works best for СН,Х ог 
[2] RX 


CO; КСН,Х. 
e Only 1? amines сап be prepared. 


Ó 1? amine 


[3] Reduction methods (23.6B) 


1 H5, Pd-C or 
a. From nitro compounds R—NO; - | R-NH 
Fe, НСІ or 


Sn, HCI | 
1%атіпе 
b. From nitriles ==. e EB S Ме E 
= 2 
[2] H20 
T amine 
c. From amides IL 
R' р 
R N^ [1] ЦАЈНА 
li [2] H20 
R' =Н or alkyl 


1°, 2? and 3? amines 


[4] Reductive amination (23.6C) 


e Reductive amination adds one alkyl 


о 
«Ja: | + ағын мавна см group (from an aldehyde or ketone) 
R R to a nitrogen nucleophile. 
R', R" = H or alkyl e Primary (1°), 2°, and 3° amines can 
1, 2", and 3° amines be prepared. 
Reactions of amines 
[1] Reaction as a base (23.8) 
.. E _ 
R-NH, + H-A a R-NH; + ЈА 


Amines 23-3 


[2] Nucleophilic addition to aldehydes and ketones (23.10) 


With 1? amines: 


With 2? amines: 


AL МН Ко 
В TN 
R =H or alkyl 

enamine 


О 
pu + НОН 
в 2 (2 equiv) 
2 = С or OCOR 
R' =H or alkyl T, 2°, and 3° amides 
[4] Hofmann elimination (23.11) 
/ Сна (excess) : . ; 
e Theless substituted alkene is the major 
н. М. s product 
[3] А : 
alkene 


[5] Reaction with nitrous acid (23.12) 
With 1? amines: 


NaNO; + 
R— МН; > Вв— мем: СГ 
НСІ 


alkyl diazonium salt 


Reactions of diazonium salts 
[1] Substitution reactions (23.13) 
With H20: 


With 2? amines: 


oS 


phenol 


With Nal or KI: 


[ed 


aryl iodide 


| НСІ 
R 
N-nitrosamine 
With CuX: With HBF,: 
T CT | 
aryl chloride or aryl fluoride 
aryl bromide 
Х = С! огВг 
With CuCN: With H3POz: 
| CN | H 
benzonitrile benzene 
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[2] Coupling to form azo compounds (23.14) 


£4 
№ Cl Y 


Y = NH3, NHR, NR>, OH 


azo compound 


(a strong electron- 
donor group) 


Practice Test on Chapter Review 


1. Give a systematic name for each of the following compounds. 


ЗА d. 


HN. м 


2. (a) Which compound is the weakest base? (b) Which compound is the strongest base? 


О 
N - еб N i N ж Uo NH2 
H H 
A B c D 
3. (a) Which compound is the weakest base? (b) Which compound is the strongest base? 
о 
HoN 
A B с D 


4. Draw the organic products formed in each of the following reactions. 


CHO 
m [1] МаМО-, НСІ NaBH3CN 
a. Cl N 2 NH2 > d. + Ms ж-е: ЧЕ 
[2] CuCN 


О 
NH 
[1] KOH ^ СНУ (excess) 
b. NH = Е 
[2] PRCH;CH3Br | [2] Ag20 
О [3] OH, H20 [3] heat 
1] NaNO;, НСІ 
NH2 n 2 ы 
с. 
[2] Ма! 


Amines 23-5 


5. Draw the products formed when the given amine is treated with [1] CH,I (excess); [2] Ag,O; [3] ^. 
and indicate the major product. You need not consider any stereoisomers formed in the reaction. 


ТА 


6. What organic starting materials are needed to synthesize В by reductive amination? 


OC = 
Be 


B 
Answers to Practice Test 
1.а. N-ethyl-2,4-dimethyl- 4. 5. 
heptan-3-amine а T | 
b. N-ethyl-3- i т HE зы 
methylcyclohexanamine со; \ ME 
СГ ЖЕ ы N + 
2a B CO; 
га. 
b.C 5 Та A E 
3.a. С p id 


b. B Jom ~ 


Answers to Problems 


23.1 The N atom of an ammonium salt is a stereogenic center when the N is surrounded by four 


different groups. All stereogenic centers are circled. 
OH 


H 


\/ HO N 
a. ж ОТА b. es 
H HO 
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23.2 


NH2 


ә 7. - C | Ре Р 


butan-2-amine 
or 
sec-butylamine 


bse Ue RUE e P А к ^а. 
`H 


N,N-dimethylcyclohexanamine N-ethylhexan-3-amine 


| 
H NH; 
dibutylamine 2-methylnonan-5-amine 2-methyl-N-propylcyclopentanamine 


23.3 An МН, group named as a substituent is called an amino group. 


a. 2,4-dimethylhexan-3-amine c. N-isopropyl-p-nitroaniline e. N,N-dimethylethanamine g. N-methylaniline 

H H 

N N 
Ly Y зү Re or ~ 

NH2 O2N 
b. N-methylpentan-T-amine d. N-methylpiperidine f. 2-aminocyclohexanone h. m-ethylaniline 
Т О NH2 
ааа А8 NH2 
N 


23.4 Primary (1°) and 2° amines have higher bp's than similar compounds (like ethers) incapable of 
hydrogen bonding, but lower bp's than alcohols, which have stronger intermolecular hydrogen 
bonds. Tertiary amines (3%) have lower boiling points than 1? and 2? amines of comparable 
molecular weight because they have no N-H bonds with which to form hydrogen bonds. 


оо Оч 


alkane ether amine 
lowest intermediate М-Н can hydrogen bond. 
boiling point boiling point highest boiling point 


23.5 Тһе atoms of 2-phenylethanamine are in bold. 


Y 
LSD H 


lysergic acid diethyl amide codeine 


23.6 


23.7 


23.8 


23.9 


Атіпе 23-7 


5,2 reaction of an alkyl halide with NH, or an amine forms ап amine or ап ammonium salt. 


H 
| 


МН М 
я =. од NH2 ы ode Baur T 
a. excess b. mu Br- 


The Gabriel synthesis converts an alkyl halide into a 1° amine by a two-step process: 
nucleophilic substitution followed by hydrolysis. 


a. NNN NH b. "о КИ c, CH30 NH2 CH30 Br 
U |] =) 
к Вг pw 
Br 


The Gabriel synthesis prepares 1? amines from alkyl halides. Because the reaction proceeds by 
ап 5,2 mechanism, the halide must be CH, ог 1°, and X can’t be bonded to an sp’ hybridized С. 


МН> NO NH2 
cham or “Сх 


aromatic can be made by Gabriel synthesis 2° amine Non3°C 
An 542 does not occur оп cannot be made by Gabriel An 542 does not occur on 
an aryl halide. synthesis а 3° RX. 
cannot Бе made by Gabriel cannot be made by Gabriel 
synthesis synthesis 


Nitriles are reduced to 1? amines with LiAIH, Nitro groups are reduced to 1? amines using 
a variety of reducing agents. Primary (1?), 2?, and 3? amides are reduced to 1?, 2?, and 3? 
amines respectively, using LiAIH,. 


о 
и = Шы у—с=м Ба 
о 
мн; -, NO; = Co 
NH 
о 


© d А E 7 ОТУУ С "о ОСТУ NH 


2 


23.10 Primary (1°), 2°, and 3° amides are reduced to 1°, 2°, and 3° amines respectively, using 


LiAIH,. 


АДЕ (үз осе осе 


ms) E 


Chapter 23-8 


23.11 Only amines with a CH, or CH, bonded to the N can be made by reduction of ап amide. 


c iO oe pM 


N bonded to benzene М bonded to CH; М bonded to a 3° C N with 2? C on both sides 
cannot be made by reduction of ап can be made by reduction of cannot be made by reduction of cannot be made by reduction 
amide an amide an amide of an amide 


23.12 Reductive amination is a two-step method that converts aldehydes and ketones into 19, 2?, and 3? 
amines. Reductive amination replaces a S by a C-H and C-N pon 


CH3NH 
. Qe — о” О x OC 
NaBH3CN NaBH3CN Қаз. 
О 
b. О NaBH3CN 
aen uU RE A 
23.13 
2 + oS 7242 
N H reductive 
H amination т. 
Е 
F A 
F maraviroc 
F 
23.14 
a. NH2 
=_—— NH3 
OH H 
b | 
у М 
> — 
NH2CH3 
or OH о 
NH2 И Д. 
H H 
23.15 
a. Only amines that have a C bonded to a H and N atom can be made by reductive 
МН> amination; that is, an amine must have the following structural feature: 


OY X Lt» 


phentermine In phentermine, the C bonded to N is not bonded to a H, so it cannot be made by 


reductive amination. 
b. systematic name: 2-methyl-1-phenylpropan-2-amine 


Атіпе 23-9 


23.16 The pK, of many protonated amines is 10-11, so the pK, of the starting acid must be less than 10 
for equilibrium to favor the products. Amines are thus readily protonated by strong inorganic 
acids (e.g., НСІ and H,SO,) and by carboxylic acids. 


Аы а И В: + СГ 
2 3 c. + H20 I + НО” 
pK, =-7 рКа = 10 
о weaker acid о N Ne 
products favored H H 
OH „САС Vt " о. pKa = 15.7 рКа = 10 
У | LEY he weaker acid 
H H H reactants favored 
pKa = 4.2 pK, =10.7 


weaker acid 
products favored 


23.17 Ап amine can be separated from other organic compounds by converting it to a water-soluble 
ammonium salt by an acid—base reaction. In each case, the extraction procedure would employ 
the following steps: 

e Dissolve the amine and either X or Y in СҢ.СІ,. 

• Adda solution of 10% НСІ. The amine will be protonated and dissolve in the aqueous layer, 
whereas X or Y will remain in the organic layer as a neutral compound. 

e Separate the layers. 


H-CI * 
a. ЫН; апа — NH, CF + 
x 


х 
+ soluble іп H20 + insoluble іп Н;О 
* insoluble іп СН-СІ; + soluble in CH2Cl; 


Е H 
H-CI ; 


b. И И Nm апа “мы м Ақ АНЫ LORS Due СІ” ERD ONL ж.ж 


Y Y 
* soluble in H20 * insoluble in H20 
* insoluble іп CH2Cl2 e soluble in СН-СІ> 


23.18 Primary (17), 29, and 3? alkylamines are more basic than NH, because of the electron-donating 
inductive effect of the R groups. 


а: “ый апа мн 5. чыл е ео 
| | | 
H H H 
2? alkylamine 1% alkylamine f? alkylamine 
CH3 groups are electron donating. stronger base СІ is electron withdrawing. 
stronger base weaker base 


23.19 Arylamines are less basic than alkylamines because the electron pair on N is delocalized. 
Electron-donor groups add electron density to the benzene ring making the arylamine more basic 
than aniline. Electron-withdrawing groups remove electron density from the benzene ring, 
making the arylamine /ess basic than aniline. 


Chapter 23-10 


NH2 NH2 
is or 1 
CH3O 


о 
electron- arylamine electron- 
withdrawing group intermediate donating group 
least basic basicity most basic 


NH2 
3 LY 
ON 


electron- 


withdrawing group 
least basic 


ОГ р NH; 


arylamine alkylamine 
intermediate most basic 
basicity 


23.20 Amides are much less basic than amines because the electron pair on N is highly delocalized. 


О 
NH; 
NH; СУ 


атіде 
least basic 


arylamine 
intermediate basicity 


on 


alkylamine 
most basic 


23.21 The higher the pK,, the weaker the acid, and the stronger the conjugate base. 


+ + 
NH3 NH3 
a 2 ON E 


A B 
electron-donating strong electron- 
CH3 group withdrawing NO2 


group, strongest 
acid, lowest pKa 


Increasing pKa: 


23.22 НСІ protonates the more basic М atom. 


delocalized 
electron pair that — ү 


is part of an amide HCI 


stronger base 
sp? hybridized N 


HCI 


stronger base CH30 
sp? hybridized М 
25% s-character 


sp? hybridized М 
33% s-character 


x 
Ек 


с 


alkylammonium 
ion, weakest acid, 
highest pKa 


< D« A« C 


СІ” 


n" 
CI 
D 


weak electron- 
withdrawing CI 


Amines 23-11 

23.23 Amines attack carbonyl groups to form products of nucleophilic addition or substitution 

yee у a М DS = 
о о Ан; о о О УК 
Н 
p" к ж p N “NZ ES о L — N N 
| ы, 
О О 
А УМЕ CS 
23.24 


[1] Convert the amine (aniline) into an amide (acetanilide). 
[2] Carry out the Friedel-Crafts reaction. 


[3] Hydrolyze the amide to generate the free amino group. 


AS 
о О 


E e ae i 
NH * 
| HO. О 
АСВ 
(+ ortho isomer) 
NH2 
ас be 
b. 
Cy CY 1 ae 


(+ para isomer) 


23.25 
: POPS [f] СН;І (excess) = и | Ват ПІ СНА (excess) ГУ 
[2] Ag20 | [2] Ag20 
[3] A [3] A 
NH2 
b. И ПІ СНА (excess) В A 
[2] Ag20 
[3] A 


23.26 In а Hofmann elimination, the base removes a proton from the less substituted, more accessible |3 
carbon atom, because of the bulky leaving group on the nearby o carbon. 


om. If] CHI (excess) ЕРІ ® 
а. - * 
[2] Ag20 2 EN 


[3] A 


(* Z isomer) major product 
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2 » 
H2N 


23.27 


die 
Ару! 


23.28 
р. Pd N ж 
| 
23.29 
23.30 


Qe 
KM 
‚© 
б 


(from a.) 


$ М Ра 
(+ 2 isomer) | 
[1] CHsI (excess) ш 
M В В [f] СНУ (excess) "Tn 
Sus ж 
[2] Я BANN N 
^ М [2] Ag20 | 
[3] major pen 3 * 
(3 BC's) Ne y 
г < 
i least substituted В carbon d | 
major product, formed 
by removal of a H from 
the least substituted В C 
Kt _К бан | p HOD K*  K'Oc(cHys | CY 
ПІ CHsI (excess) Aa vm доби ПІ CHsI (EXCESS n 2o 


[2] А920 (Е апа 2) 2] А920 
[3] A 5 ^ 
N2* C 
в CL А б мамо> C 
M HCI К 
H | 
NO 
NaNO NaNO 
2 “а” а. 2 
НСІ | НСІ Ж 
МО МН, №2 СГ 
1] NaNO», НСІ = [1] Мамо», НСІ 
2 NN (де с. сњо мн; - = сњо Е 
^ рүсивг V / [2] HBF4 
NH 
1] Мамо», НСІ 1] CuCN 2 
OH d. №2* CI" [ ] u 
H20 [2] LIAIH4 
ON CI [3] H20 CI 
мо; мн; 
Е 
HNO3 (S H2 [1] NaNO», НСІ O 
H2504 Pd-C [2] HBF, 
NO; мн; он 
НМОз H2 И] Мамо», HCI 
H2SO, Pd-C [2] H20 
NO; NH; OH 
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[1] МаМО-, НСІ СНзС! 
с. а” para isomer) 
[2] NaI АС! 
NH 
CI CI 
T Сі> (excess) mo HCI 
| FeCl 2] HsPO; 
(from a.) cI 


ОБЬ». / HNO; = н, — [1] Мамо», НСІ 
= ON = HN ар oe 
AC. \ / Ho, > у / Рас 7 0 — ма I 
ON 
FN Br 
T HNO; 11 bis. [1] NaNO, НСІ 
| H2S04 Pd-C [2] CuCN FeBr; 


О О 
KMnO4 ЖА H2 £ \ [1] Мамо», НСІ / \ 

~ O-N = >- >- 

ы Ж aep m < RED em d [2] HO um 


23.33 To determine what starting materials are needed to synthesize a particular azo compound, always 
divide the molecule into two components: one has a benzene ring with a diazonium ion, and 


one has a benzene ring with a very strong electron-donor group. 
ON СІ 


D мг 
4 4 
a. нм у= b. HO К 2. 
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cro 


para red 


8; PME 


4,6-dimethylheptan-1-amine 


< CC) 


varenicline 


NO 
я 4 
H 1 2 3 


N-ethyl-2-methylbutan-1-amine 


23.34 


23.35 


23.36 


23.37 


HN” 1 
4 


4-ethyl-2-methyloctan-1-amine 


Ба 
с. М 
х= 


N-ethyl-N-methylcyclohexanamine 


23.38 


a. N-isobutylcyclopentanamine 


ay 


| 
Н 


b. tri-tert-butylamine 
N[C(CH3)3)s 


с. N,N-diisopropylaniline 


Bd 


СУТ 


y= 
N 
OM 


N,N-diethylcycloheptanamine 


X 9 


|^ basic 


only sp? hybridized N 


N 
N-tert-butyl-N-ethylaniline 


4-aminocyclohexanone 


\ 
H 


2-ethylpyrrolidine 


d. N-methylpyrrole 


ГУ 


N 
| 


e. N-methylcyclopentanamine 


f. 3-methylhexan-2-amine 
NH2 


„М 
Н Vv 


N-ethyl-2,4-dimethyloctan-3-amine 


"n 
3 1 N 


2 H 


N-tert-butyl-3-isopropylcyclohexanamine 


g. 2-sec-butylpiperidine 


N 
H 


h. (S)-heptan-2-amine 
H NH; 
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23.39 
* - 
N^ Xe Sese с! 
/N 
2 stereogenic centers 
4 stereoisomers 
+ = + = 
4> 8 4 > 
+ КА + = 
SX E $ \_ 
23.40 
Ре wx © о npe 
a. b. 
H N H ON СІ 
delocalized sp? hybridized N sp? hybridized N ы; 4 быт 
electron pair on N а Р 2 withdrawing group intermediate onating group 
least bus ERI. most basic least basic basicity most basic 


23.41 The most basic N atom is protonated on treatment with acid. 


Шы H 
/ 
у AN AN CH4CO;H ~ Nt р 
; CH3CO 
SON 2 SN 2 зСО; 
о zolpidem О 
N — N— 
4 / 
а 3° alkylamine with an sp? 
hybridized N 
most basic 
O О 
ү а СІ СІ СІ 
b. 
e 
N N CH3CO5H N N 
NH E NH н 
aripiprazole СНзСО> 
О 
23.42 
sp? hybridized М 
lone pair delocalized on С-О 
H and benzene ring 
N N 3 де 
| ~ 5р Т М 
М 
2 
Ne 
2 K № О М Increasing basicity: № < М. < № 
| 
97 Na 9 
A 
imatinib 


sp? hybridized М 
lone pair localized on N 
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23.43 Pyrimidine has a second electronegative N atom that withdraws electron density from the other 
N, making the electron pair less available for electron donation. 


XN N: =—— This М pulls electron density 
| \ from the other М atom. 
L 
N 


pyrimidine 
23.44 
Na Ме Order of basicity: Np < Na < Nc 
| Мр - The electron pair on this М atom is delocalized 
| on the aromatic five-membered ring; least basic. 
N NH2 № < Na < № Ма - The electron pair оп this М atom is not 
a. 4 | delocalized, but is оп ап sp? hybridized atom. 
N Ме — The electron pair on this М atom is on an sp? 
NÉ H hybridized N; most basic. 
~ Order of basicity: Na < Ne < № 
| СІ Na — The electron pair on this М atom is delocalized 
b Na N N on the C=0 and the ring; least basic. 
| / / N = Ме - The electron pair on this М atom is 
N № № \ ) delocalized on the aromatic ring. 
[9] 


Мр — The electron pair on this М atom is localized іп 


3 +2. ; 
travodone an sp” orbital; most basic. 


23.45 Тһе para isomer is the weaker base because the electron pair on its NH, group can be delocalized 
onto the NO, group. In the meta isomer, no resonance structure places the electron pair on the 
NO, group, and fewer resonance structures can be drawn: 


- + + + .. 
(NH ом. UN. LNH? ON Мн» ОМ (5 NH; ON NH2 
о : 


meta 
( _ + + + 
МО Ын; c NH; ын; CNH NH; 
O2N O2N m n ОМ O2N 
para О: | 
+ + 
NH2 NH2 
Oo. Јој 70, N on 
l || 
:0: 
23.46 
Qut DD ме DE UN 
NH aa №: М:- №. == М: Е “ы: 
ЖУ EP Cw E 
pyrrole weaker conjugate base pyrrolidine stronger conjugate base 
pK, = 23 The electron pair is delocalized, decreasing the pK, = 44 The electron pair is not 
stronger acid basicity. The N atom is sp? hybridized. weaker acid delocalized on the ring. The М 


atom is sp? hybridized. 


e 
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23.47 
| у 
~ УМИРУ № b LA SA RS А с ou Se 
| UE T 
d ант NS | B ү е 
[ Т I 
or | 
xc da di 
о 


23.48 Іп reductive amination, опе alkyl group оп М comes from the carbonyl compound. The 
remainder of the molecule comes from NH, or an amine. 


H 
a. N H 
AM Sero сен» = Of cehs + их МН or ad d + HNS A РА 


o О 
| du ^ : 22% 
` PaL у PSP H or H о + М м 
H 


H ГА 
О 

с М “А ==% Jie m NH2 

H H 
23.49 

<x мн 
а. СН : CoH а е NH3 ж е NH 
575 ди 6:55 с. CgHs CHO CeHs 
о NaBH3CN ж А NaBH3CN 


b (CH3)2NH 
| О N(CH3)2 d. — d ds 
NaBHaCN МаВНзСМ 
а 3C О 3 NH 


23.50 


amine component 


fi о NH; 
А „ч 
Е о о 
LN O. xy e NaBH3CN 
+ H О О NH 
О F F N 
F О 
сагропуі сотрпепї Е Е N 
с OH 


23.51 Use the directions from Answer 23.17. Separation can be achieved because benzoic acid reacts 


with aqueous base and aniline reacts with aqueous acid according to the following equations: 


Chapter 23-18 


COOH СОО-Ма* 


(10% aqueous) 
benzoic acid 


i * soluble іп НО 
+ soluble in СНС s : 
+ insoluble іп НО insoluble in CH2Cl2 


M 
мн; NH; СГ 
+ H-CI den СТ 


(10% aqueous) 
aniline 


+ soluble in СН-СІ; * soluble in H20 
* insoluble in H20 * insoluble in CH2Cl2 


Toluene (C,H,CH,), on the other hand, is not protonated or deprotonated in aqueous solution, so 
it is always soluble in СН,СІ, and insoluble in H,O. The following flow chart illustrates the 


process. 
COOH мн; 
CH2Cl2 
10% NaOH 
но | [снзсь 
СОО-Ма* ын; 
| 10% HCI 
њо, (eres 


: NH; cr on 
23.52 
= p-methylaniline 


f. 
АСВ Е 
НСІ * 
а --- МНз СГ 
О 


CH3COOH / 


AlCls 
CH3COCI / 


" 
g. МНҙ CH3COO- 
p  Снсоа_ # N b 
— NaNO; 
О = / N N3'CI- 
HCI 
(CH3CO)0 у О 
x CH3COCI у 
i. Step (b) then 2 = / \ NH 
AICI e 
CH3I / \ + 3 
d. » М(СНз)зГ О 
excess 
CH3CHO = 
„ Ceo _/ \ | 3 / \ 


i - NH 
TEN a NaBH3CN = 


Атіпе 23-19 
23.53 
а did b d ECT aes РАР АРА + м Мм 
: NÉ [2] Ag20 major product (Е + Z) 

? [8] A 

] СНзІ / 
ы м Ast ыы CH=CH + = + “NT + м< 

[2] Ag20 | 

major product | 
[3] А 


ПІ CH3I (excess) 
с. NH; [2] Ag20 
[3] А 


major product 


P бә сна! В | Be | 
= са m безу fo 6 р REL UU | НЕ но 
N [2] Ag20 
H Ёз [3] A УМ 
major product 


23.54 
OH OH 
О 
HO we — ШЕР! НӘ P 
"За So Br 
doe 207, ao 
c X . Hofmann __ N(CH3); 
elimination 
23.55 
H H 
У UN : UN О 
atomoxetine 


b. СН»= О + 
[9] 
Hofi 24 
c. atomoxetine —__ 1811. (ыы + 
elimination 
H [9] 
CH3NH5 F 
O 
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23.56 
СІ NH 
NH3 А NaNO 
О OS о 
excess HCI 
О 
- о 
со 
b. а [1] KOH pu" 2 NaBH3CN 
» * > 
[2] (СНА СНСЊС 5 NS. ЫЗ: H N 
3] он, H20 CO? 
уя [3] 2  \ 


о 


=“ Sn ==“ А С] x ( =o —( Ves 
НСІ У ) 
H 
4 [1] LiAIHa н 
| | 1] сна 
см 12190 | i. аа gee = сы ie 
B 


о 


2] Ag20 
NH2 Ы 92 
[1] ЦАЈНА ( У 
_/ [2] 2 
HN 2 О Ша 


| рме cr. cop | ов + 


23.57 NH, and H must be anti for the Hofmann elimination. Rotate around the С-С bond so the NH, 
and H are anti. 


d 


| 
та abis 


© 


CH3 NH; Сен 
а. CeHs NH2 E H CH3 5 СНз H 
H CH2CH3 СеН5 C(CH3)s (СНз)зС NH2 
C(CH3)3 CH2CH3 CH2CH3 
rotate 120° rotate 120° 
three steps counterclockwise counterclockwise 
NH2 СвН5 
сн; CH2CH3 H CH2CH3 
СєН5 C(CH3)3 (CH3)3C NH2 
H CH3 
three steps three steps 


23.58 


23.59 


23.60 


23.61 


e 
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uu" | 
у mM (а mild acid \ / | ) N 


NaBH3CN 


pyridine 


fentanyl 


N 
о 
НО О НО о О 
CHO Br 
2: Bs ee E 
HN HN N 
NaBH, R3N 
F F F 
F 


EM In the conversion of E to F, the N and O 
NEC ME atoms of E act as nucleophiles to displace 
2 Br's in BrCH2CH5Br to afford F. 


Not Cr [1] H20 [2] NaH ІЗІ СНзВг 
ӨН c ы о OCH; 
СІ СІ СІ 
о 
ws cr И Сисм с-ш [IDIBAL-H 
b. 2 
[3] H20 H 
[1] СвНыМН2 p СІ 
PER 
Not с En N == N H 
МУ м / 
СІ 


( ) 2 > CI ia N 1 
ЈЕ 
о 
Е 


> NH? О о 


a И] CHsI (excess) [1] O3 
Tm d РЕЗЕ + 
SCR [2] А920 [2] СН35СНз та" d 
A [3] ^ B 
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23.62 
НН Ма“ :OH 
№ S N 
NN Br Ws SN У МИ NN NG + Br 
a Br Br Br а M 
S + Br . К pon 
+ = МН, Na TAO Ма” :ỌH | 
" + НО + Na 
Hoh 2 
à pt n H3B-H H 
- wae H vf Он? SYN I 
(5 Олы Н тн белн N+ 
T NG N N Zy " 
b ------ »- — o — + H20 
: M proton proton " 
NH2 transfer source 
А: | 
H 
23.63 


T E z | Н-А 


a H-N N 
H2C=0 * Sr = 
G proton 
transfer 
тон :OH :OH :OH :OH2 
H 
N 
+ H-A 


23.64 
PAN 
Р | 2 
О 
x нм S 
Ж 
шы 
Аг 
О R 
Ph 20: + 
Аг 
О R 
H20: N 
Ar / 
Ph 
+ RCO; 


abbreviated as: 


H —O3CR 
R 
proton .. 
— Ph Ho: NH 
transfer 
Ar 
О R 


proton 


transfer 


> о Dh 
F 
RCO2H N 
overall \ / 
reaction 
NH 
© © 
2 


+  RCO;H 
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23.65 
МамО 
Overall reaction: СІ 2 СІ + e * СТ 
NH2 HCI, H20 OH 
The steps: 
NaNO; + НСІ 
ee | ote. + HCl 
Fir ee Я «+ v — 2 
н, NG: М-М-о: N-N=0 
H H 
decd. EL t eed "uq pem Vat 
N-N-6: Н-СІ ММО н N-N-O-H N=N-OH, * Cl 
H ^H 
СІ: | 
SING 
СТ. t хар ОЛ, os + H20 
OH ОН № FNZ 
" (Xu A н-он 
HCI Ln 
H Сы. 


J = TN => =_= Фе: + на! 
+ " i .. 
12-Н shift ТЕ? | 
А в 
7 + на 
а СТ 


Вг NH2 Br ^ 


OH 
Bra HNO3 ра NaNO}, НСІ [1] NaH а 
b. ——— 
ҒеВгҙ 592504 Рас рњо © [2] CH3CH>Cl ” 
Br 
(+ para isomer) 


5ОСІ; 


СНҘСНҘОН 


EE [1] Мамо», НСІ ET 
( ye -amo P 


NaNO», НСІ 
CeH&NH; — —— — ——- CgHgN?*CI- 


N 


23.67 


NH NH 
СҮ 2 Cl; O 2 
CI 


(+ ortho isomer) 
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О 
и 
М 
O~ 
СІ 


1] Мамо», НСІ [1] SOCI? 


2] NaCN 2] NH2CH3 


о 
CN А 
СІ СІ 


О 
b ses z А, ге г CX 
NH2 Қ ево АСВ NH2 
(+ ortho ea [1] Мамо», НСІ 
[2] H3PO2 
Вг 
HO 
H2N HO 
[1] МаМО-, НСІ _сње _ асы СР. cr 
c. 
[2] H20 (Als ^ 
m 


23.68 
(CHO 
АСВ 


C 
С" 


(from [1 
MET KMnO, 
(from [1 
АМО, H2SO4 — HNO3, H2504 
рун, Pac 0” H2, Pd-C 
[3] NaNO;, НСІ 
[4] CuCN 


O 
li 


(* ortho isomer) 


_ Н2С=0 _ N^ 
H 
pug NaBH3CN 
ӘН СНО сн _СнзМн; _ NA 
H 
МаВНзСМ 


НАНА 
[2] H20 
ж 
қоян [üsoch _ ILAH, _ N 
2] CH3NH2 Руно _ 
[1] DIBAL-H 
Then route [2]. 
2] H20 


[1] LiAIH, 


2] H20 
сүс" Then route [1]. 
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Вг 
Bra Mg 
[5] DEEP 
FeBr3 


Е 


о 
[2] H 


MgBr [1] CO; 


COOH 
ж Then route [3]. 
[2] H30 


OH 
Then route [2]. 


23.69 


( ne ge mCPBA 


о НМ L ^ NaBH,CN | 


MDMA 
[part (b)] 


23.70 


CHsCI <} HNO3 
АСВ H2504 


“у= 


(+ ortho isomer) 


- NH2 
s сњењс _ / \ нмоз _ / \ NO; 
АСЗ = H2504 = 


(+ ortho isomer) 


11 ЦАЈНА о PBrs n 
( UU 9 + TE CE E s Br 


PCC CH3NH; 
cont c 
© HN. 
MDMA 
[part (a)] 
Hs Мн» 
Ра-с 
[1] Мамо», НСІ 
| [2] МАСМ 


[1] ЦАНА т 
2] H20 


| [1] мамо;, НСІ 


[2] CuCN 
NO; NHCOCH3 МНСОСН; 2. ЫН 
HNO H 2 
с. O 3 Du ты сњсос! _ _HNO; 
Н-5О Ра-С 
2504 Н:504 zs 
NO; 
[1] NaNO}, НСІ 
[2] НзРО2 
СІ 
СІ СІ Т d S 
1] Мамо», НСІ 2 
ра-с 
{умы 
ei NH; №2 


23.71 


Б HNO3 
a. 

H3SO 
2 ^o 


4. 


Ра-С HN 


АСЗ A Cue H20, HCI 


23.72 


[1] Мамо», HCI - (2 “HNO _ ice 
[2] H20 H2S0 Ho 


Amines 23-27 


Pd-C HO 
(+ ortho isomer) О 
Ке 
Н 

М 


ТҮ 


он 
NaBH, N 


21 


СІ NH2CH3 


CH30H 


X Br 
CI [1] Mg Но OH 
а: ЛІСіз ЕТТЕН [2] СН2=О 

IL сс РСС 


NO 
HNO3 45 Њ 
Н;504 Pd-C 


EUR 


о 
H ne mild H* Sý o 
n тош ын АДЫ 
О 
HN 
A B 


(+ ortho isomer) 


CH3OH 
О 
Н 
А 
[1] NaNO», НСІ oH 
[2] H20 
О СтОз 
Тон 


о о 
Y Nes ү 
" О но, о 
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CH30H 
SOCL 

Сизе HNOs NaOH 
b. —————- 

АС H3SO, 

ОМ 
(+ ortho) Hə 
Pd-C 
Д2“ 1] LiAIHA 1] NaNO5, НСІ ТӘ 
2] H20 2] NaCN H2N 


CH;- О NaBH3CN 


"d QUIE 
HNO; Ha [1] Мамо», НСІ 
Pao ЗА FeCl; Pd-C [2] H20 
ON CI НМ СІ НО СІ 
B 
i I Ee. 
LO И p uon 
HO CI | 
М 
UN 


с. Probably a strong enough activator that the Friedel-Crafts reaction will still occur. 


CH3OH 


ро 


~ 


о 
Маке two parts: 
AICl3 
" CI 
I 
CN 


снзснҙон 


| соз, H5SO4, H20 


О о 
po 
Нн, H. 
| socl, N N 
[1] HNO3, Н2504 CH3COCI Pa 1] HNO3, Н2504 [1] МаМО-, НСІ 
[2] H2, Pd-C 2] H5, Pd-C [2] CuCN 


NH2 CN 
р (+ огіһо іѕотег) 
| soc о 
CHCI HNO3 1] H2, Pd-C ОЕ. 1] KMnO4 " 
МС Н,504 2] Мамо», НСІ 2] SOCI; 
3] Nal I 


Amines 23-29 
CH30H 
SOCI; 
d HNO3 H2 [1] мамо;, НСІ CH3CI, АСЗ 
| — > та це (+ ortho 
H2504 Pd-C [2] H20 isomer) 
O2N НМ HO HO 


о о 
CrO a SOCL pO 
p SA TH о а 


H 
Br 
Bro 
' hv | 
О 


снҙСнҙон 
| РСС 


NH2 
mw Ни m — О. = 
NaBH3CN 
О 3 О 
О О 


О 
О 


23.73 Тһе spectrum of butan-1-amine shows a peak at m/z = 73 due to the molecular ion (С.Н, №)“. 
The base peak at m/z — 30 is due to fragmentation to form the resonance-stabilized cation 


E 
(CH,NH,).. 
.+ 
+ + + 
| у ны : VASE. * H2C—NH2 <——* Н;С-Мн; 
| т/2 = 30 
This bond is cleaved. 
23.74 
JE HN — 
NH H2N 
Compound А: CgH4N Compound B: CgHy,N Compound С: CgH4N 
IR absorption at 3400 ст! — 2° amine IR absorption at 3310 ст“! — 2° amine IR absorption at 3430 and 
^H NMR signals at (ppm): 1H NMR signals at (ppm): 3350 ст”!-> 1° amine 
1.3 (triplet, 3 Н) СНз adjacent to 2 H's 1.4 (singlet, 1 H) amine H 1Ң NMR signals at (ppm): 
3.2 (quartet, 2 Н) СН» adjacent to 3 H's 2.4 (singlet, 3 Н) CH3 1.3 (triplet, З Н) СН; near CH; 
3.6 (singlet, 1 H) amine H 3.8 (singlet, 2 H) CH2 2.5 (quartet, 2 H) СН» near CH3 
6.8-7.2 (multiplet, 5 H) benzene ring 7.3 (multiplet, 5 H) benzene ring 3.6 (singlet, 2 H) amine H's 


6.7 (doublet, 2 Н) | para disubstituted 
7.0 (doublet, 2 Н) | benzene ring 


23.75 Guanidine is a strong base because its conjugate acid is stabilized by resonance. This resonance 
delocalization makes guanidine easily donate its electron pair; thus it's a strong base. 


.. * .. .. .. 

МН < Мн; МН> NH2 NH2 
ШІ. T EUN TM > 5 ds 2 у ARs А mcs 
H2N NH2 H2N NH2 НМ + “мн; H2N қ ИН; H3N NH2 

guanidine pK, = 13.6 


23.76 The compound with the most available electron pair or the compound with the highest electron 
density on an atom (N in this case) is the strongest base. Pyrrole is the weakest base because its 
lone pair is delocalized on the five-membered ring to make it aromatic. Both imidazole and 
thiazole contain өр” hybridized N atoms with electron pairs that are localized on М. Imidazole is 
a stronger base than thiazole, because its second N atom is more basic than thiazole’s S atom, so 
it places more electron density on N by a resonance effect. 


Chapter 23-30 


na 


€ 


NA INN NA INNE 
S wl u < a ey 
хз Iu 
imidazole | | thiazole This form contributes less to the 
This N atom is the hybrid than the equivalent 
strongest base. resonance structure in imidazole. 
== N=\ NA 
NH Lay? kay 
pyrrole thiazole imidazole 
least basic intermediate most basic 
basicity 
a 
Ste 
da = и (excess) px 2] А920 1] CHsI (excess) 2] А920 
N(CH3); - *N(CHjs Санто 
Ү 
23.78 
One possibility: 
о О 
DO _сњеос _ H2NC(CH3)3 _ 
5 АСВ CH3CO;H o рга 
H 
9 rd 
(* isomer) кат 
НО 
H30* 
но 4 X. 
H М 
albuterol OH 
О Ay У С 
Bu ЖАТ га = но эк 
Б HNO; Not mar 1] NaNO;, НСІ O [1] NaH 
Н,504 ON рас © 2] H20 НО р] vw N Ao 


H3SO4 


COOH 
T -Х) 


| ось 


ша 


HNO3 


ОСІ 


NSS 


| в 
СООН 
SS 
Vg 
eye < 


(+ ortho isomer) 


О 
"^ M 
N То 


H2 
Pd-C 


23.79 СН,-О reacts with the amine to form an intermediate imine, which undergoes an intramolecular 


Diels—Alder кок 


га" 


CH2-O 


<> 
ГК 


Ішріпіпе epilupinine 


QNS 


С-С Bond-Forming Reactions 24-1 


Chapter 24 Carbon-Carbon Bond-Forming Reactions in Organic Synthesis 


Chapter Review 
Coupling reactions 


[1] Coupling reactions of organocuprate reagents (24.1) 


R—X + R;uli 


X= Cl, Br, I + LiX 


R'X can be СН,Х, RCH,X, 2? cyclic 
halides, vinyl halides, and aryl halides. 
X may be СІ, Br, or I. 

With vinyl halides, coupling is 
stereospecific. 


[2] Suzuki reaction (24.2) 


M Pd(PPha)q e R'Xis most often a vinyl halide or aryl 
R—X + ВВ - 
Y NaOH halide. 
ОРИ + но–ву; ө With vinyl halides, coupling is 
E MS stereospecific. 
[3] Heck reaction (24.3) 
Ра(ОАс); | e R'Xis a vinyl halide or aryl halide. 
TE. DAS к Z 
Pew wow EE Z =H, Ph, COOR, or CN 
To Bb EtsN | e With vinyl halides, coupling is 
+ EtNH X 


Cyclopropane synthesis 


[1] Addition of dihalocarbenes to alkenes (24.4) 


CHX3 
KOC(CH3)s 


stereospecific. 
The reaction forms trans alkenes. 


The reaction occurs with syn addition. 
The position of substituents in the 
alkene is retained in the cyclopropane. 


а 


Zn(Cu) 


The reaction occurs with syn addition. 
The position of substituents in the 
alkene is retained in the cyclopropane. 


Chapter 24-2 


Metathesis (24.6) 
2 в Grubbs giebt +  CH5—CH; 
catalyst e Metathesis works best when СН,-СН,, 
2? Grubbs a gas that escapes from the reaction 
----------- T = . Я 
~ catalyst CH2=CH3 mixture, is formed as one product. 
diene 


Practice Test on Chapter Review 


l.a. Which functional groups react with lithium dialkyl cuprates? 
1. epoxides 
2. vinyl halides 
3. acid chlorides 
4. Compounds (1) and (2) both react with R,CuLi. 
5. Compounds (1), (2), and (3) all react with R,CuLi. 


b. Which of the following statements is (are) true for the Suzuki reaction? 
1. Arylboranes can serve as one reactant. 
2. The reaction is stereospecific. 
3. The reaction occurs between a vinyl or aryl halide and an alkene in the presence of a palladium 
catalyst. 
4. Statements (1) and (2) are both true. 
5. Statements (1), (2), and (3) are all true. 


c. Which of the following compounds can react with CH,=CHCN in a Heck reaction? 


1 В 2. C 2- I з. СН;--СН; 4. Both (1) and (2) can react. 


5. Compounds (1), (2), and (3) can all react. 


d. Which of the following compounds yield(s) a pair of enantiomers on reaction with the Simmons- 
Smith reagent? 


1 ee 2 oe 8 “о 4. Compounds (1) апа (2) both yield a pair of enantiomers. 
5. Compounds (1), (2), and (3) all yield a pair of enantiomers. 


e. Which of the following compounds can be made by a ring-closing metathesis reaction? 


О OH 
EN 4. Compounds (1) and (2) can both be prepared. 
1. 2. 3. 
5. Compounds (1), (2), апа (3) can all be prepared. 
HO 
О 
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f. Which of the following compounds can be prepared from CH,-C=C-H by a Suzuki reaction? You 
may use other organic compounds or inorganic reagents. 


1. Аи 2. “Т А И УР 4. Compounds (1) апа (2) can both be prepared. 
Su. 5. Compounds (1), (2), and (3) can all be prepared. 


2. Draw the product formed in each reaction. Indicate the stereochemistry around double bonds and 
stereogenic centers when necessary. 


zc [1] catecholborane yo CHBr3 
a. АЕ UN = e. А SAT 


2] / РА(РРћаја, NaOH KOC(CH3)s 


[J2 Li Grubbs 
b. Br f. 


[2] 0.5 CuI cataylst 
[3] 
Ph. ZZ. Br 
=== (2 Li N Grubbs 
с. ( / Br - сі cataylst 
E B(OCH3)s ш. 
«2 Br, Pd(PPh3)4, NaOH 
OCH; 
К Sa Ра(ОАс) 
+ 7 “COCH; P(o-tolyl); 
I ЕВ 
3. What starting material is needed to synthesize each compound by ring-closure metathesis? 
О 
а b c О o 
OH OH 


Answers to Practice Test 


1.4.5 2. 3 
b.4 Br Br Жы ее 
с.4 а. =, е 
d. 2 Е 
e T И 
b. Р, „2 
f.4 
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Answers to Problems 


24.1 Anew C-C bond is formed in each coupling reaction. 


и c 
a. CI | 


z ( " (CH3);CuLi 2 2- 


new C-C bond 


CH30 I CH30 
с. 7 Ср Сиш ТҮ а 
CH30 = CH30 new С-С bond 
d Br 
( Сиц — — пем C-C bond 
ENS Su. 2 ENS ы 


new C-C bond 


24.2 
Su. 
ГТК ТҮСТІН several (CH3)2CuLi several Ж 
steps steps 
CO2CH3 
Cig juvenile 
hormone 


24.3 


a. AA mi sical PSM V | Ф 


Бс 2245-06 ДОТ мын dip dii А 
и 


& и mm Bg T peces ү: po 
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24.4 
Pd(PPha)q 


О 
= ЖТ Же m — Жа” 
| о маон 


Pd(PPh3) 
қ {воен + LO = A 
NaOH 
O- mae O- 
с. Br В(ОСН:)> + ШОСН; 
[2] В(ОСН;)ҙ 


о ie 
; B 
Om 0-0-7 
o 
24.5 The Suzuki reaction forms a new carbon-carbon bond between a vinyl halide and an arylborane. 


B 


24.6 


H 


Ө 
ТЕТІ: 
а. pe 9 с Ау 

H 
[2] ir di 


Pd(PPh3)4, NaOH 


о [2] B(OCHs)s o^ Pd(PPh3)4, NaOH 


"m c-r >- ИУ м мм 
Pd(PPh3)4, Маон 
Сре Qe нь О-О-О) 
b. т Li —————- В(ОСНз) + І ( C ) 
NaOH 


e 
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Br (X Li В(ОСН3)» МЕРИ 
A Br; Jof Li lof B(OCH3)s x Z в; N 
Stee CH30 сњо CH30 Pd(PPh3), 


CH4O 
NaOH 


(* ortho isomer) 


В 2 Неск G и 
^ reaction e 

OCH3 Неск Ж ж OCH3 

reaction 

Br Heck РАД CN 
77см + p reaction 
> „Вг 
ІГ 
О reaction 
о 


24.9 Locate the double bond with the aryl, СООК, or CN substituent, and break the molecule into two 
components at the end of the С-С not bonded to one of these substituents. 


О 
~ 2—5 
x OCH * SL. 
a | - CL "A "ocu, 


Е 


\ 
d 


о 


2 


OSN == еее 
с. 
ZN 
е“ c 
27 МА “-со-с 3 aa | 3 


24.10 Add the carbene carbon from either side of the alkene. 


СІР. СІ С galt 
He H 
СНСВ 
а. we NOH + 
KOC(CH3)s H H CI CI 
enantiomers 
а CI A NS 
= CHCl MSN : “H 
b. == === КОС(СНз)з bu РА + 
H H CI CI 


identical 
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CHCl 
с. 
KOC(CH3)s 


enantiomers 


Core = LiCu(CH3)g 
a. CI С; > 
КОС(СНэз ps us Ys 


24.11 


(from b.) 


N СНВгз 
5. a Br 
KOC(CH3)s Br 


24.12 


сна рУ CH3l? 
a. EIS т. + Zn} c. -— - * 2115 
Zn(Cu) 45 Zn(Cu) 


H 
CH3L Е 
b. ---- + Znl 
Zn(Cu) E 
H 


24.13 The relative position of substituents in the reactant 15 retained in the product. 


trans-hex-3-ene H H 


two enantiomers of trans-1,2-diethylcyclopropane 


24.14 
Grubb Grubbs 
М Ж __ Qnubbs | 2 5 [= : ES 
catalyst catalyst 
(E and Z) 
OCH3 
__ Grubbs < 4 (CH2-CH5 is also formed in each reaction.) 
b. catalyst 
(E and Z) 
OCH3 OCH3 
24.15 


хх — ы t Ne of + “м + Мис: 


cis-pent-2-ene у : TE : Я 
There аге four products formed in this reaction, including stereoisomers, 
so itis not a practical method to synthesize 1,2-disubstituted alkenes. 
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24.16 
24.17 
О О О О 
Grubbs 
в. catalyst a * CH=CH 
B HO - t 
АУ (by-product) 
Join these C's 
together in a С-С. 
24.18 


# new С-С bond here 


24.19 Cleave the С=С bond in the product, and then bond each carbon of the original alkene to a CH, 


group using a double bond. 
CO;CHs 


CO2CH3 
a. о ===> О e CHO CHO 
о 2 о 
p 
- e 
CH30 CH30 “ы 
он он 


24.20 Inversion of configuration occurs with the substitution of the methyl group for the tosylate. 


4 ~ <) 
9) (CH3)2CuLi 
(equatorial) 


(CH3)2CuLi 


5 Ж о-во ) es 


(axial) 
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БОС СОЕ 
ЕОЭС СО 


( ) i оз м 


24.22 


С! 
а. CY * (ew — Су 
B(OCH3); (у. РаРРЋ, - 7 \ 
NaOH == 
__РАОАФф__ Б 7а 
Qe Cm E | D 
N 


БМ 


"m РЕН 
|“ 9 Pd(PPh3) ЖЕ ш 
Р. Б NZ B 12 3)4 p 
о 


Маон 


P(o-tolyl)3 CO2CH3 


БМ 


C 27 ^ "au 
g. го ~ > 
[2] В(ОСН;)з \ 


[3] Aw Br + Ра catalyst 


= >- ЖТС 
[2] CgHsBr, Pd(PPha4, NaOH 


24.23 


4 Вг 
а. po == LA, б O “= ‘oe 
CH30 CH30 
Жаа ы 
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24.24 


Each coupling reaction uses Pd(PPh3)4 and NaOH 


ГЕФ 
to form the conjugated аіепе. 


сү 
А 
бы 
Su. 
5 H О 
ны. СО T ~. 
— о ENS 35 
ері 
с 


Н 
ethynylcyclohexane I 


La 


OJo It is not possible to synthesize diene D using a Suzuki reaction with ethynylcyclohexane as starting material. 
Hydroboration of ethynylcyclohexane adds the elements of H and B in a syn fashion, affording a trans 
vinylborane. Because the Suzuki reaction is stereospecific, one of the double bonds in the product must be 


D trans. 


24.25 Locate the styrene part of the molecule, and break the molecule into two components. The 
second component in each reaction is styrene, С.Н.СН-СН,. 


a. G^ У CY | ~ Br^ ~ en 974 рле 
=> = =» 
Вг b: 


Br 


ез 


styrene part styrene part styrene part 


24.26 
Ж E ЖТЗ Br + е Вар == зе P a о о о Ра 
but-1-ene = octane 
[1] Li 
[2] CuI 
езе CuLi 
2 
24.27 
Ph Ph Ph 
Ph 
Ph 
HO Ph HO N-N 
A "e 
N N 
М М 
СІ 4 + Suzuki cl e С 
N= Br B(OH), reaction N= @ 
А в 


С-С Bond-Forming Reactions 24-11 


24.28 Join the two labeled C's together. Keep the E configuration at the vinyl iodide and form a new E 
С=С during coupling. 


Join. 
5 о 
о о пем 
Р а Б | И pris Heck TA | 
I ------ > 
EN К EN = с 
reaction | 
О 
о 
24.29 
9/0 
N N 
Br Ne dg CX Ра(ОАо) SRL 4-1 
Ж P(o-tolyl)3 
ы А EtsN A 
H оо х Н 
24.30 Add the carbene carbon from either side of the alkene. 
CHCl 


<] СНә1ә 
а. 
Zn(Cu) 


KOC(CH3)s 


СНС 
КОС(СНз)з 


24.31 The new three-membered ring has а stereogenic center on the C bonded to the phenyl group, so 
the phenyl group can be oriented in two different ways to afford two stereoisomers. These 
products are diastereomers of each other. 


Zn(Cu) 
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24.32 os conditions favor intramolecular metathesis. 


о 
in d Grubbs 
0 m 


24.33 
o Grubbs o 
220 М EN bn қ 
NS о | 
А Join these C's together. 
24.34 


z 


= > Grubbs 
o N Join. ^ catalyst o ( 
о | о 


24.35 


E RT 


OH 


.  Gnbbs /—— Grubbs 
Er оо. Ad catalyst CO5CHs 
CO2CH3 


OH 


Grubbs 
catalyst 


24.36 Retrosynthetically break the double bond in the cyclic compound and add a new =CH, at each 


end to find the starting material. 


CO2CH3 
SOSA 
Qs С сөй 


T ec 


CO2CH3 
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24.37 Alkene metathesis with two different alkenes is synthetically useful only when both alkenes are 


symmetrically substituted; that is, the two groups on each end of the double bond are identical to 
the two groups on the other end of the double bond. 


М 
ш a = x ДЛТ УТАТ + Twy TM + И Тм КМ + = 
PARS (Z* E) (Z* E) (2+ E) 


b. M 5. This reaction is synthetically useful because it yields only 
+ == one product. 


(Z +E) (Z +E) 


24.38 All double bonds can have either the E or Z configuration. 


24.39 


a АШ === е" / \у 
уза олот 


Вг Вг 
ЕБР [1] СНВгз [2] (СНу;сиц _ 
KOC(CH3)s 
Br COOH CH305C COOH 
p РЦОАс); У 
b. Т “сосн; 
P(o-tolyl)3 


ЕБМ 


— Ра(РРһз)д 
с. B(OCH3)2 + CH30 N 2 Вг TY »- CH30 
a 

О 
» an d(PPh3) 

`o NaOH 

О 
M, Grubbs ке 
саїа!у5ї 
о y 

Can сњ, "on 


2 


Ф 


a” 


Chapter 24—14 


“КК СІ HJ Li DAC А 


Pd(PPh3)q4 
NaOH 


О О 


' ne + 


SOY у eme Se rmt ум i 
+ 
B. 
10 о о no NaOH o KOH Grubbs X) 
catalyst 
A 


зы B x с 
CigHisNO 


24.41 


24.42 This reaction follows the Simmons—Smith reaction mechanism illustrated in Mechanism 24.5. 


Br Br 
Zn(C 
"©з, D - S ‚оша, 
Вг Ш Zn—Br [2] 


24.43 
25 Зи H 
г rs 
Z о \ — > \ — + \ + “Хон 
Uu = о о us 
p A a 
Join вн | 
| ) T ~~ OH, 
о 
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24.44 
Е J = 
Et. d e = x s OCH; + 
~ Рһ-5 
А OCHs 44 adqition of the sulfur a “OCHS H 2 
+ (= ylide to the a resonance-stabilized О 
Ph2S : В carbon : enolate Da 
methyl trans-chrysanthemate 
a sulfur ylide 
24.45 
ENS шы 
А ЗУ 22 
- EN CO5CHs 


diazo compound 


CO2CH3 
B 
24.46 
I 
ca x и 
+ 
АгзР — Pd— I АгзР — Pd— I 
Ра(РАгз)> m 
oxidative addition зуп ачашой 
РАгз 
| 
АгаР--Ра--І РАг 
2 [3] Ж pore м] 
Hi^ — + АзР—Ра—1 ~ Pd(PAr3)2 + HI 
n : syn elimination l reductive 
H H elimination 
E 
This H is 
t t 
The H cis to Pd "Ege 


is eliminated. 

b. This suggests that the stereochemistry in Step [3] must occur with syn elimination of H and Pd 
to form E. Product F cannot form because the only H on the C bonded to the benzene ring is 
trans to the Pd species, so it cannot be removed if elimination occurs in a syn fashion. 


о 
r4 
<O 
3 = 
Вг NaNH> о С Я s 
ar O ^D: 
% 
о 


(Z)-2-bromostyrene 


24.47 


| Pd(PPh3)4 


NaOH 
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24.48 
Sey 50618 Ses 
HO о СІ 
TBDMS-CI 
imidazole 
NaH 
НС-СН = HC=C + TBDMSO СМ МИ МИ а 
(СО ~ B 
Cl Bu4NF 
> ава рој (СО ~ отврм5 
24.49 


а. СНзО ( \ N — CH30 / \ Synthesize these two components, апа then 
= N » use а Heck reaction to synthesize the product. 
{У HNO3 ez H2 ғы NaNO> А но 
№02 “Бас” NH2 МСГ он 
H2SO4 Pd-C 

[1] NaH Br2 
{У сњо J сно-7 Ner 

[2] СНзВг = 


Бо Rt s m í 


N РА(ОАсј CH30 ж c 
CH30 Br + TAn ~ N 
P(o-tolyl)3 
Et V 7 
он 
Br | soci» Br 
D Ss 40 
CH30 258 CH30 


(from a.) 


Br d(OAc); СОЕ СОЕ 
+ ~ СОЕ 
~ P(o-tolyl)3 
CH30 ЕМ CH30 Pd-C CH30 
MgBr | [1] (2 equiv) 
po Y 


OH 
О 
ене 
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24.50 
Br 
Вг Br 
NaOH Dex CHBr3 
Br > OH 
KOC(CH3)s 
бе; ы e. 
CuLi 
к" | E сн: 
Zn(Cu) 
(from a.) 
24.51 
Br " СНС 
Bro СН2=СН> BEN CI 
ЕеВгз Pd(OAQ); KOC(CH3)s © 
P(o-tolyl)3 
Ем styrene 
ы CO2CH3 ~ 2CO3CHs 
~O= FeBr3 oe Pd(OAc); (а 
Р(о- tolyl; 
Ем 
24.52 
[1] NaH RE [1] NaH H2 
а HCÆCH - жет т = — Lindlar - кн 
indlar 
[2] ^. Cl ее catalyst 
С! CH2l2 
Zn(Cu) 
+ enantiomer 
LiBr ИО т. 
b. О 
CH3CO5H Li2COs, DMF тоно -— 
ime CH2 
MU _ ее 
NETTEN KOC(CH3)s 
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24.53 


ғыс ті Either compound can be used to 
a. N 2 N / OCH3 == Br + Br OCHs synthesize the огдапобогапе, so two 
routes are possible. 


Possibility [1]: 


CH3Cl Вг; НІШ 
тата ut nU nd 
АСВ FeBr3 [2] B(OCH3)3 


Br; > HNO3 -- H2 = [1] Мамо», НСІ == 
- B - B NO - B NH -B OH 
С) ЕеВгз ПА / Н-504 ШАСЫ 2 PRG ONY MTS TA 


=; Pd(PPh3)4 = = 
В(ОСНз) + Вг N 2 OCH3 NaOH = N 2 N 7 OCH3 


Possibility [2]: 


Pd(PPh3)4 
1] Li 
==“ Ша cmoa (ocn. * — e NaOH 
[2] B(OCH3)s 
(from Possibility [1]) (from Possibility [1]) 
OCH 
YL J \ 4 : 


HO HO 
=O O00 


The acidic OH makes it impossible to prepare an organolithium reagent from this aryl 
halide, so this compound must be used as the aryl halide that couples with the 
TOW from bromobenzene. 


HO 


(ws HNO3 1m [1] Мамо», НСІ 
Br ---- Вг - В 
“H3504  FeBn Pd-C We и [2] H20 r 
Bra [1] Li 
05 Вр (CH30)B 
FeBrs [2] В(ОСНз)з 


d(PPha)4 
(CH30 
30128 <). маон 
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This can't be converted to ап organoborane reagent 


via an organolithium reagent. 
three 
Ti qm B(OCH3); (as in 24.53b) 
steps 
Bro HNO3 H2 [1] NaNOg, НСІ 
Lt AB B NO B NH B OH 
C FeBr3 <} но, ' ( ) 2 рас 7 2 [2] H20 i ( ) 


| 
рупате 
Cp PdPPhg, — / о = »—( 7-9 
В(ОСН3); == Вг о о 
Маон V / V / ) ? 
о 
о о 
24.54 
ON ON H2N HO 
HNO; Br? н; — [1] NaNO», HCI 
А. —— Вг = Br - Br 
H2SO4 FeBr Pd-C \ 7 [2] H20 
[1] NaH 
SOCh 
Ра ©! арта ЕН 
ET ae Ea: 
[1] 2 Li 
B(OCHs3)2 Br 
[2] B(OCH3)s 
MoH x 
|500 о 
MAc Br2 Pd(PPh3)4 E = 
a BE А + B 
АІСІз ҒеВгз маон и \/ 
в 
он 
SOCI 
Y 
У P K Е M B(OCH;) 
= 3)2 
АСВ ГеВгз \ / [2] (ОСН3) 
A 
МО; NO; мн; CN 
HNO3 Br; Н; И) Мамо», НСІ — 
Br Br > Br 
H2SO4 FeBr3 Pd-C [2] CuCn N # 
[1] LiAIHa 
[2] H20 
NH> NH2 


Pd(PPh3)4 
А + B Вг 
NaOH 
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24.55 
КОС СОБЕ 
КОС | CO5Et 
a. Z Grubbs 
catalyst 
Synthesis of starting material: о ОЕ! 
EtO;2C СОЕ 
ЕО OEt [1] NaOEt oet [1] NaOEt 
үү ` р | » 
о о БА Ц | ШЕ 
| вос, 
атасы | soci, 
OH 
OTBDMS 
OTBDMS 
b. Grubbs 
o 
catalyst 
Synthesis of starting material: 
PCC 
жы УТ H OH 
o о 
он РВгҙ В М9 MgB TBDMS-CI 
2 Ба UNES WS ыы imidazole 
OTBDMS 
LEE 
24.56 
a. Grubbs 
catalyst 
Synthesis of starting material: о 
ОСЬ ҮР! CrO3 
2 OH HS0, 225 oH 
H20 
re i ја Жж? Ж 
27 с! Sus NaBH, x П] NaOEt 
АСВ CH3OH [2] ж-е 
{зось 
BAO 
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Бата О ч 


о 
b. Grubbs 
catalyst N о 


Synthesis of starting material: 


B MgB 
Б Bro Cy r Mg gBr 
FeBr3 O~ PCC 
о H20 
2 


Н;5О СРВА 
pO PI 5 бызбы, ПН 


> 


24.57 


МО; NH2 OCH3 ОСНз 
Вг 


он 
Вг HNO} Br н, [1] Мамо, НСІ Br [1] NaH Br [nti curi 
a. 
Cy H2504 Pd-C [2] H20 [2] CH3I [2] CuI 2 


A 


OCH3 OH OCH3 
H20 < 
H2SO4 
(2 enantiomers) 
OH OTBDMS 
„ә [1] Os04 HU ARAUA ТЕЗИС твомзо А. 
b. 7 Br Br Br 
[2] NaHSO3, H20 imidazole 
[1] Li 
Br [2] CuI 
OTBDMS bd d 
OTBDMS 
TBDMSO EN 
TBDMSO 
CuLi 
2 
| Bu4N'F- 
OH 
HO SN 


О 
/ 
m 12 | j ЕНТ 
о "d 
c. wV d ROSE за о А 12 вг 8 AE 


Ра(РРһз)д, NaOH 
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MaCOX Hs еш 
d. ( Ss + 2”сосн, Рр«ОАс) сн, 


P(o-tolyl)3 
Et3N 
(+ enantiomer) 
24.58 
О О 
i Zw 9 О “ыш 
E I = 
b / г em ~ 
О 
Ма | | 
/ А 5 ie A у; [1] ЦАЈНА / 
ш = d OEt [2] HO OH 
E 2 OEt он 
оо о ПІ Ман (2 equiv) 
[2] p CI 
(2 equiv) 
/ p. 
О 
ББ 


24.59 There is more than one way to form Z by metathesis reactions. One possibility involves ring 


opening of the bicyclic alkene followed by successive ring closures to generate the five- and 
seven-membered rings. 


ring open 
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24.60 


І 
О 
0 ~ Pd(PPh3)4 
У + ,B N 
N о о Маон 
Н 
А B 


D 
H30* \ 


СиНиМО 


(х 1+ 
\ о 
№ 
.. о ә - 
D „ад „= = + Но 
+ њо' resonance stabilized 
ж HO. 
24.61 
OL PPh3 
CH30 — СНзО 
о 
X Y 
CH30 
24.62 


a. Reaction of a terminal alkene with the catalyst forms a metal—carbene that undergoes an 
intramolecular reaction with the triple bond, generating a new metal-carbene. A second 
intramolecular reaction forms the bicyclic product. 


OSiEts OSiEts OSiEts ОЗЕЊ 
27 | 8 К | S EN 
Ж MJ 
cyclization cyclization two new: С=С 
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b. Two products are possible because the cascade of reactions can begin at two different double 


bonds. 
ОЗЈЕЊ OSIEt3 
OSiEt; ОЗЕЪ 
NI т. — 
| "d > 
M 
( ім / 
С 
Ведіп ћеге. 
OSIEt3 OSIEt3 
OSiEts OSIEt3 
|, ы: |= P 
| ( | | M 
Kl 
C Begin here. 
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Chapter 25 Pericyclic Reactions 


Chapter Review 


Electrocyclic reactions (25.3) 


Woodward-Hoffmann rules for electrocyclic reactions 


Number of т bonds | Thermal reaction | Photochemical reaction 
Even Conrotatory Disrotatory 
Odd Disrotatory Conrotatory 
Examples 


The stereochemistry of a thermal electrocyclic reaction is opposite to that of a photochemical 
electrocyclic reaction. 
e A thermal electrocyclic reaction with an even 


A қ 
p || number of x bonds occurs in a conrotatory 
% fashion. 
28 + enantiomer 
Sus 
" e A photochemical electrocyclic reaction with an 
(2E,4E)-hexa-2,4-diene о even number of т bonds occurs in a disrotatory 


2 x bonds fashion. 


Cycloaddition reactions (25.4) 


Woodward-Hoffmann rules for cycloaddition reactions 


Number of т bonds | Thermal reaction | Photochemical reaction 
Even Antarafacial Suprafacial 
Odd Suprafacial Antarafacial 
Examples 


[1] A thermal [4 + 2] cycloaddition takes place in а suprafacial fashion with an odd number of т bonds. 
An antarafacial photochemical [4 -- 2] cycloaddition to form a six-membered ring cannot occur, 
because of the geometrical constraints of forming a six-membered ring. 


Ex а LO 


2 suprafacial 


CH2 == CH cis product only 
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[2] A photochemical [2 + 2] cycloaddition takes place in a suprafacial fashion with an even number of т 
bonds. An antarafacial thermal [2 + 2] cycloaddition to form a four-membered ring cannot occur, 
because of the geometrical constraints of forming a four-membered ring. 


C6H5 C6H5 CeHs СвН5 
== һу 


и 


suprafacial 
CH; = CH? cis product only 


+ 


Sigmatropic rearrangements (25.5) 


Woodward-Hoffmann rules for sigmatropic rearrangements 


Number of electron pairs | Thermal reaction | Photochemical reaction 
Even Antarafacial Suprafacial 
Odd Suprafacial Antarafacial 

Examples 


[1] A Cope rearrangement is a thermal [3,3] sigmatropic rearrangement that converts a 1,5-diene into 


an isomeric 1,5-diene. 
-— ^ fo 
Re x N 


1,5-diene isomeric 1,5-diene 


[2] An oxy-Cope rearrangement is a thermal [3,3] sigmatropic rearrangement that converts a 1,5-dien- 
3-ol into a 6,e-unsaturated carbonyl compound, after tautomerization of an intermediate enol. 


о 
НО x 
US А 
52 7-7 EN 
A [3.3] 
1,5-dien-3-ol 6,e-unsaturated carbonyl compound 


[3] A Claisen rearrangement is a thermal [3,3] sigmatropic rearrangement that converts an unsaturated 
ether into a y,6-unsaturated carbonyl compound. 


« ^ 2 
о 


«Ж 


unsaturated ether y,ó-unsaturated carbonyl compound 
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Practice Test on Chapter Review 


1. a. Which of the following pericyclic reactions is symmetry allowed and readily occurs? 
1. a photochemical conrotatory electrocyclic ring closure of a conjugated triene 
2. a disrotatory thermal electrocyclic ring opening of a substituted cyclohexadiene 
3. a thermal [2 + 2] cycloaddition 
4. Reactions (1) and (2) will both occur. 
5. Reactions (1), (2), and (3) will all occur. 


b. Which of the following reactions requires suprafacial stereochemistry to be symmetry allowed? 
1. a photochemical [1,5] sigmatropic rearrangement 
2. a thermal [8 + 2] cycloaddition 
3. a photochemical [4 + 2] cycloaddition 
4. Reactions (1) and (2) are both suprafacial. 
5. Reactions (1), (2), and (3) are all suprafacial. 


c. What product(s) are formed from the photochemical [2 + 2] cycloaddition of (E)-hex-3-ene? 
—. 


Sy 


1. A only 

2. B only 

3. C only 

4. A and B 

5. A, B, and С 


d. What product(s) are formed from the photochemical electrocyclic ring opening of cis-3,4- 
dimethylcyclobutene? 
1. QE,4E)-hexa-2,4-diene 
2. (2E,4Z)-hexa-2,4-diene 
3. (Z)-hexa-1,3,5-triene 
4. Compounds (1) and (2) are both formed. 
5. Compounds (1), (2), and (3) are all formed. 


e. What product(s) are formed by the [3,3] sigmatropic rearrangement of cyclodeca-1,5-dien-3-ol? 


OH CHO 
NS Ж 


А B с 


1. A only 

2. B only 

3. C only 

4. A and B 

5. A, B, and С 
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2. Consider the p orbitals of the terminal carbons of a conjugated polyene with like phases on the same 
side of the molecule (as in A) or opposite sides of the molecule (as in B), and answer each question. 


A 


a. Which drawing is consistent with the ground state HOMO of a conjugated triene? 
b. Which drawing is consistent with the excited state LUMO of a conjugated diene? 
c. Which drawing is consistent with the ground state LUMO for a conjugated tetraene? 


3. What type of sigmatropic rearrangement is depicted in each reaction? 


© о oR 
Об — RI. 


Answers to Problems 


25.1 Use the following definitions: 

• Anelectrocyclic ring closure is an intramolecular reaction that forms a cyclic product 
containing one more о bond and one fewer т bond than the reactant. An electrocyclic ring 
opening is a reaction in which a o bond of a cyclic reactant is cleaved to form a conjugated 
product with one more « bond. 

e А cycloaddition is a reaction between two compounds with т bonds that forms a cyclic 
product with two new o bonds. 

e Asigmatropic rearrangement is a reaction in which a o bond is broken in the reactant, the 
т bonds rearrange, and a с bond is formed in the product. 


< 
а. = | electrocyclic reaction 
PM P 


o bond broken 
2 x bonds З a bonds 


25.2 


25.3 


t H2C — CH2 RM 


È 

Ф 
EE A 
4 л bonds З a bonds 
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Ж.Т o bond formed 


cycloaddition 


o bond formed 


„С o bond formed ы р 
—— electrocyclic reaction 


d. SS 5 Ж 
А hdc to о bond formed sigmatropic rearrangement 


1 x bond 1 x bond 


а bond broken 


a. For a bonding molecular orbital, the number of bonding interactions is greater than the 


number of nodes. 


b. For an antibonding molecular orbital, the number of bonding interactions is less than the 


number of nodes. 


For buta-1,3-diene: 


| Bonding | Nodes | Type of MO 

ф, 3 0 bonding МО 

ap, 2 1 bonding MO 
CR |1 2 antibonding MO 
* |0 3 antibonding MO 


The molecular orbitals of all conjugated dienes look similar. 


a. b. Ground state 


p —— 
ground state LUMO 


"4 


ground state HOMO 


«di 


Energy 


(7 (7 

Q О 

v bd 
) ( ) 0 0 
uw |" | 


А A 
[А [А 
wu 4 


c. Excited state 


excited state LUMO 


excited state HOMO 


+ 


+ 
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25.4 To draw the product of ап electrocyclic reaction, use curved arrows and begin at a т bond. Move 


25.5 


25.6 


25.7 


the т electrons to an adjacent carbon-carbon bond, and continue in a cyclic fashion. 


Thermal electrocyclic reactions occur in a disrotatory fashion for a conjugated polyene with an 


odd number of « bonds, and in a conrotatory fashion for a conjugated polyene with an even 
number of п bonds. 


CeHs ~ А CeHs А Ж 
z А. mde 
ы bes А 
ee disrotatory conrotatory SX 
Сен С 


6Н5 
3 x bonds 2 x bonds 


o 


For an even number of т. bonds, thermal electrocyclic reactions occur in a conrotatory fashion. 


re-draw А N A 


те уке ad — + enantiomer 


C == re-draw Ж 
prenom tae © 
697 


Photochemical electrocyclic reactions occur in а conrotatory fashion for a conjugated polyene 


with an odd number of т bonds, and in а disrotatory fashion for a conjugated polyene with an 
even number of т bonds. 


СЕН 
Хх һу бз "à hv Ж 
| 2^ tat g ы h disrotat EN 
conrotator "s isrotato 
CeHs d CeHs K y 


+ enantiomer 


[The (E,E) diene is favored over 
the (Z,Z) diene.] 
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25.8 The photochemical electrocyclic reaction cleaves a six-membered ring to form a hexatriene. 


7-dehydrocholesterol provitamin Оз 


25.9 Use the rules for electrocyclic reactions found in Answers 25.5 and 25.7. 


^ 
к, re-dra | US 
== e-draw 
" A` а en 12% disrotatory 
Зл bonds 
һу 
- * enantiomer 
conrotatory СРЕ 


= re-draw BEN А 
AA AM -[w . 
b. im = | С * enantiomer 
> 22 disrotatory а 
EL EI 
hv 
conrotatory 


25.10 Use the rules for electrocyclic reactions found in Answer 25.5. A reaction with three n bonds and 
a disrotatory cyclization is thermal. 


25.11 Count the number of т electrons in each reactant to classify the cycloaddition. 


О О 
а. о Te / [2 * 2] cycloaddition 
CH2 ILL 
2л 2л (one possibility) 
electrons electrons 
РО О 
74 
b. = 4N сн — НЕ 
M / 2 А [4 + 2] cycloaddition 
\ СН; 
4л 2л 


electrons electrons 
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| 0 
© А S FEN CH2 : ch [6 + 2] cycloaddition 
EX / EN 
СН 
6л 2л 


electrons electrons 


25.12 A thermal suprafacial addition is symmetry allowed іп a [4 + 2] cycloaddition because like 


phases interact. 


LUMO of the diene 


“ә 9 


HOMO of the alkene 


Like phases interact. 


25.13 A thermal [4 + 2] cycloaddition 1$ suprafacial. 


“ 
re-draw == CH2 A 
: ы SQ + СН = СН, ----------- ай? = Ay 
(E,E) diene Sin 
NC : CN 
7 со a =! про E x 
CN 7 
(Е,2) diene 
25.14 А photochemical [2 + 2] cycloaddition is suprafacial. 
CcHs 56/15 
жез UN hv : 
a | + | —— * enantiomer 
b C ые" Г 
сень Сене 
О О 
Н 
Н 
Жат 
b. " | — 75 * enantiomer 
Ма те ee 
CN CH; 


CN 


25.15 


* enantiomer 


a. The photochemical [6 + 4] cycloaddition involves five т bonds (the total number of т 


electrons divided by two) and is antarafacial. 
b. A thermal [8 4- 2] cycloaddition involves five т bonds and is suprafacial. 
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25.16 А photochemical [4 + 2] cycloaddition like the Diels-Alder reaction must proceed by an 
antarafacial pathway. This would require either the 1,3-diene or the alkene component to twist 
180? in order for the like phases of the p orbitals to overlap. Such a rotation is not possible in the 
formation of a six-membered ring. 


excited state HOMO of the diene 
dim. 
2 ( ) е Lago: twist required 


LUMO of the alkene 


25.17 Locate the o bonds broken and formed, and count the number of atoms that connect them. 


D 1 
3 2 == с bond formed 
a p——— 22 
D1 
1^D 
D 
o bond broken 
[1,3] sigmatropic rearrangement 
2 
1 3 
b. — -——- о bond formed 
1 3 


а bond broken 
[3,3] sigmatropic rearrangement 


25.18 
D 


ul 
5 6 
b, c. The reaction involves four electron pairs (three т bonds and one o bond), so it proceeds by 
an antarafacial pathway under thermal conditions, and by a suprafacial pathway under 


photochemical conditions. 


25.19 Draw the products of each reaction. 
ж 
о 


Pd 
BE О о 
PORT re-draw 9) ws EE lu О 27 
с об сто КЕ 5 
33 
v d 
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он О 
O [3,3] tautomerize 
с. Us = 


25.20 Draw the product after protonation. 


HO = SE ag 
- 
K^ 


|] base ___ Protonation _ 
---------- 
апа 
tautomerization 


25.21 Re-draw geranial to put the ends of the 1,5-diene close together. Then draw three curved arrows, 
beginning at a т bond. 


Por. re- ШЕМ > 


дегапігі 


starting material for 
Cope rearrangement 


25.22 Draw the product of Claisen rearrangement. 
CHO 


SN | [3,3] “ы [3,3] = 
жа | = с. 92. C one 
о 


CHO 
25.23 
О 
а 2 
2 
Ao Ё 
/ о) О 
Su. Ымм 
RO 2 
b. 
+ CH2 =CH2 
metathesis 
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25.24 Predict the stereochemistry of each reaction using Table 25.4. 
a. A [6 + 4] thermal cycloaddition involves five electron pairs, making the reaction suprafacial. 
b. A photochemical electrocyclic ring closure of deca-1,3,5,7,9-pentaene involves five electron 
pairs, making the reaction conrotatory. 


c. A [4 + 4] photochemical cycloaddition involves four electron pairs, making the reaction 
suprafacial. 

d. A thermal [5,5] sigmatropic rearrangement involves five electron pairs, making the reaction 
suprafacial. 


25.25 Use the rules found in Answers = 5 and 25.7. 


к Kcd кы 


3 a bonds 3 a bonds 


5 End CNN 


25.26 Draw the product of [3,3] sigmatropic rearrangement of each compound. 


[3,3] ~ tautomerization ~ 
OH 


OH 
9121 о 
S| Ж 2 
Б. ——— 5 "—— бо 
[3,3] 


= 


—— 


tautomerization 


25.27 Ап electrocyclic reaction forms a product with one more or one fewer т bond than the starting 
material. A cycloaddition forms a ring with two new o bonds. A sigmatropic rearrangement 
forms a product with the same number of « bonds, but the « bonds are rearranged. Use Table 
25.4 to determine the ера 


thermal соке ring closure 
З л bonds 
* disrotatory 


Зл bonds adi 
Я А 
м cq = 
2л Bonds 2 m PONAS Зл БЫ 
thermal [1,5] sigmatropic photochemical electrocyclic ring 
rearrangement opening 
* 3 electron pairs • 2 л bonds in diene formed 
(2л%16) * disrotatory 
• suprafacial 
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2 new o bonds 


cf doc S 
2 
thermal [6 + 4] cycloaddition 


• 5 л bonds 
• suprafacial 


25.28 Use the rules for thermal electrocyclic reactions found in Answer 25.5. 


E 
Su. ў ж 
МТС ЛЕ E 2M ae г 
КТІ Z re-draw conrotatory 
42 N- 
3 x bonds 2 л bonds 


25.29 Use the rules for photochemical electrocyclic reactions found in Answer 25.7. 


E 


hv = 
z | 
conrotatory 


3 bonds 


Although conrotatory ring opening could also form, at least in theory, an all-(Z) triene, steric 


hindrance during ring opening would cause the terminal CH,’s to crash into one another, making 
this process unlikely. 


"А 


disrotatory Я 
~ — 
+ 

enantiomer 


25.30 Use the rules found in Answer 25.7. 


АА 
а. ге- dw \ CZ disrotatory 
4 x bonds 
„МГ = AUN 
р = шә Б A + enantiomer 
re- aw МУ ааба | 
BE л bonds 
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25.31 Use the rules found in Answers 25.5 and 25.7. 


2Е 


FM ^ 
а, b. AZ | J — --- + enantiomer 
5 С disrotatory d 
62 
3 a bonds 
h 
Y oe + enantiomer 


conrotatory 
E 
с. А | "Уз 
disrotatory Ф 
Е 
(опе enantiomer) 3 a bonds 
E F 
conrotatory Еа 
Е 
(опе enantiomer) 3 x bonds 


25.32 The trans product is indicative of a disrotatory ring closure from the cyclic triene with the given 
stereochemistry at the double bonds. А disrotatory ring closure with a polyene having three т 
bonds must occur under thermal conditions. 


Фе 
2 H 
trans 


25.33 A disrotatory cyclization of а reactant with an even number of n bonds must occur under 
photochemical conditions. 


hv 
Му 
M H H 
2 x bonds cis 


25.34 Use the rules found in Answers 25.5 and 25.7. 


H H 
A hv 
8, C. : > Б, с. а 
disrotatory conrotatory ^ 
N H N H 


trans 


і : 
3 x bonds es З л bonds * enantiomer 
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25.35 Use the rules found in Answers 25.5 and 25.7. 


H 
^ 2 
| conrotatory 


Q 
H 2 x bonds 


hv 
disrotatory 
2 


C I] (A 10-membered ring cannot contain two E double bonds.) 


2 
R 


25.36 The reaction involves three т bonds in one reactant and two т bonds in the second reactant, so 
the reaction is a [6 + 4] cycloaddition. A suprafacial cycloaddition with five 7 bonds must 


proceed under thermal conditions. 
two new o bonds formed on 


/ the same side 


(21  CeHs 


CeHs 


* enantiomer 


25.38 


5 С NE RN aS 
ыз Т [2+2] 
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CHO 
b. A 
[4 + 2] OSiR; 
OSiR 
OSiR3 
1,3-diene 
| oy 
ee 
© AR алы А a 
[6 +4] 
О о О 
Ж ге- “draw _ hv 
depre SS из РЕН АЯ No кат атқа 
“> [2 * 2] 
25.39 А thermal [4 + 2] cycloaddition is suprafacial. 
Ох „О 8 
ж о“ 
а. А | | + 
Sus 29 
p gt о 
x 58 
AN 
= КЁ А 
b УдФЫ—— 
о 


25.40 Buta-1,3-diene can react with itself in a symmetry-allowed thermal [4 + 2] cycloaddition to form 


4-vinylcyclohexene. 
[4 * Из _ < 
puc ^ 


4-vinylcyclohexene 


Cycloocta-1,5-diene would have to be formed from buta-1,3-diene by а [4 + 4] cycloaddition, 
which is not allowed under thermal conditions. 


^ 
Ж SS 
a 
А d [4 + 4] 


cycloocta-1,5-diene 
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25.41 A series of three [2 + 2] cycloadditions with Е alkenes forms X. 


CO4CH3CHs 


25.42 Re-draw the reactant and product to more clearly show the relative location of the bonds broken 
and formed. 


25.43 Draw the products of each reaction. 


H 
Ек E c с (“2 Beles 
O U С 
О 
А -p = —— 
d tautomerize 
OH OH 


О 
9 [t] gi но [1] KH, A ы > [3,3] 
/ єў —— | 
~ EN 
О 2] О О 
\ 


[2] H20 
N 


25.44 


2] H20 
с [2] H2 
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25.45 a. Two [1,5] sigmatropic rearrangements occur. 


H1 
1,5] гна 
=== E 


3 4 
5-methyl- 1-methyl- 2- Hes 
cyclopenta-1,3-diene cyclopenta-1,3-diene cyclopenta-1,3-diene 
b. 
H 
1 
> 
3 
H H 
5-methyl 2-methyl 
isomer isomer 


A [1,3] sigmatropic rearrangement requires photochemical conditions not thermal conditions, so 
5-methylcyclopenta-1,3-diene cannot rearrange directly to its 2-methyl isomer by а [1,3] shift. 


1 
3 
4 2,0 
2 ан = 
[5,5] ZA 5 tautomerization 277 
1 3 5 


“enolate 
ee 
Ne г. 


25.48 Re-draw A to put the ends of allyl vinyl ether close together, and use curved arrows to draw the 
Claisen product. Then re-draw the Claisen product to put the ends of the 1,5-diene close together 
to draw the product of the Cope rearrangement. 


Su. SQ 
re-draw ТА ; 
d нај ab о SEQ __ Te-draw. A > E Claisen 
27 < 


А 


25.46 


| (50 nucleophilic addition / 


B-sinensal 
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25.49 Use the definitions found in Answer 25.1. 


25.50 


А Сы 
———- | an electrocyclic ring opening 
[1] A 
2 a bonds Зл bonds 
3 AG 
4 NO n AZ 
| GMI E S 1 a [1,7] sigmatropic rearrangement 
2 [2] 5 
5 225 1 6 7 H 
6 
3 x bonds 3 n bonds 
ӨР А 
У / -- ER d an electrocyclic ring closure 
SS [3] 
3 л bonds 2 x bonds 


NS 

N 

+ 

Е 

> МЕ 

N 
X 
eb: 


HO 


D 
hv CES 
D 
conrotatory p 
О 
А 
[3,3] 
Claisen 

ж 


о 
/ 
О 
AAs n CH; —CH5 E EM * enantiomer 
О * 
242 Све) 
ci | ~ 
о 
р 
А | < 
disrotatory 22 D 


> o 
[1] KH anionic oxy-Cope [2] H30* 
18-crown-6 e e 
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1 
358 А о OH 
^ 
е Сүре 2 ———- Ж 2” 
3 3  Claisen tautomerization 
i m д5 
[2 + 2] 


C7Hg 
25.52 
OH 
О о о о 
B ‘= | ДЫ | 
о о МаВн„ о On intramolecular О [LDA О 
5 СНзОН o esterification g [2] CH2=0 x 
o^ “н HO 2 [3] H20 5 
А B 
Shorts CsH1205 
CH3S0,Cl 
ЕБМ 
О 
а ДУ» 
а О 
Ж o А с 0 
О р Diels—Alder 
CaHioO4 
C43H4504 
25.53 
20 
C. [2+2] 
а: cycloaddition 
A 
) C [3,3] 
b. sigmatropic 
rearrangement 
A 
25.54 The mechanism consists of sequential [3,3] sigmatropic rearrangements, followed by 
tautomerization. 


+ 
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25.55 
22“ о 
Н“ | в 
у ( 
М ———- H — + HB* 
HO | OF о 
А hr 
„о ~ ( 
= Ht 
[3,3] low о” | | О | | 
| 7 
x (E | С) ЗЫ; 
allyl vinyl ether e Uu a 
+ HBt Hy он H 
B: 
25.56 
2 H 
я СІЗ 
conrotatory electrocyclic ring E disrotatory ring closure 2 
opening forming involving only 3 of the 4 H 
4 x bonds л bonds 
25.57 
re-draw А 
сае eub m d "E 
[1,5] sigmatropic О cycloaddition 
rearrangement 
О 
25.58 


О ~ „О 


enolate 


TOT p moa и“ "T 
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TN “ ШІ»)! = ССА ©) P 
ON О ERE 
Ж Ж 2 о 
с О о 
[2] H30* 
О 
OH 
25.59 
SCH3 SCH3 
xl ===: electrocyclic ring opening 
^ forming two x bonds 
OCH3 OCH3 
О н о 
CH3S Р CH3S 
NE > 5 
CH30 [4+2]. СНзО 
О cycloaddition н о 
suprafacial 


25.60 The mechanism consists of a [4 + 2] cycloaddition, followed by intramolecular imine formation. 


H 
о NH2 
£ [4+2] 
Сы 
О 


Ын; 


N 
H? HO: N 


ер 


proton 
transfer 
О 
H20: H 
.. \ + 
N GN 
H H 
[9] 


25.61 


This bridged bicyclic system is cleaved. 


но" 
H -|2 H 
OH 


This bond forms a new bridged 
ring system. 


Сһаріег 25-22 


25.62 
+ 
on 0: 
он coUa 
ы А e e 
TAE m (= — ыг 
с! Use the enol as 
a nucleophile. 
25.63 
/ OEt 
О О Bm 
Оз OEt 2 OEt  protonation OEt 
2C с” апіопіс and 
2 оху-Соре tautomerization 
OH c 


25.64 


Rn - | 
|" “ы. n 
о) 67 Ж” | dii. 
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25.65 Conrotatory cyclization of Y using four т bonds forms X. Disrotatory ring closure of X can 
occur in two ways—on the top face or the bottom face of the eight-membered ring to form 
diastereomers. 


^ 
CgHg ------- Сен 
4 x bonds 2 > "NS 
conrotator zl 
y CO2CH3 + enantiomer 
х 
Y 
disrotatory 
= HM "ug + 
зы зы H 
CeHs S CgHs 
NES ЛЕНИ V Хы. SS 
diene CO2CH3 \ 
CO2CH3 CO 2CH3 
Г endiandric acid Е endiandric acid D 
dienophile methyl ester methyl ester 
Only this stereoisomer has the 
side chain close to the six- 
membered ring for Diels—Alder. 
[4 * 2] 
methyl ester of Endiandric acid A has a free COOH group 
endiandric acid A instead of the CO2CH3 group. 
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Chapter 26 Carbohydrates 
Chapter Review 


Important terms 


e  Aldose A monosaccharide containing an aldehyde (26.2) 
e Ketose A monosaccharide containing a ketone (26.2) 
e p-Sugar A monosaccharide with the O bonded to the stereogenic center farthest from the 


ө Epimers 


Anomers 
Glycoside 


carbonyl group drawn on the right in the Fischer projection (26.2C) 

Two diastereomers that differ in configuration around one stereogenic center only 
(26.3) 

Monosaccharides that differ in configuration at only the hemiacetal OH group (26.6) 
An acetal derived from a monosaccharide hemiacetal (26.7) 


Acyclic, Haworth, and 3-D representations for D-glucose (26.6) 


“с” 
СНОН H—-— он CH20H 
H O. H H O. OH 
H HO——H 
OH H —— Н ӘН ---- OH H 
HO OH HO H 
H Он BETON H Он 
а. апотег CH20H В anomer 
a-D-glucose acyclic aldehyde В-о-діисоѕе 
ЕА 
| 
он Н»-С--ОН 
| 
HO О каш 
ne H= сон 
HO | 
он ПЕ т0л 
CH30H 


Reactions of monosaccharides involving the hemiacetal 
[1] Glycoside formation (26.7A) 


OH OH OH e Only the hemiacetal OH reacts. 
[0] О . . 
HO ROH но ‚но О ө A mixture of a апа В glycosides 
HO HO OR 
HCI HO forms 
OH OH OH у 
он OR 


a-D-glucose 


a glycoside В glycoside 
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[2] Glycoside hydrolysis (26.7B) 


OH OH OH 
О . 
2. H3O* il 4 E ба e А mixture of a and 8 anomers 
HO ею HO 
тт ОН »"- forms. 
OR OH 


а апотег В anomer 


+ ROH 


Reactions of monosaccharides at the OH groups 
[1] Ether formation (26.8) 


OH OR 
HO O до RO о 
HO RX RO 
OH OR 
OH OR 


All OH groups react. 
The stereochemistry at all stereogenic centers 
is retained. 


[2] Ester formation (26.8) 


OH OAc 
о 
HO AcCI AcO OAc 
OH 


pyridine 


Reactions of monosaccharides at the carbonyl group 
[1] Oxidation of aldoses (26.9B) 


CHO COOH COOH ө 


gere [O] eu TED ES 
— or 


e 
CH30H CH3OH COOH 


aldose aldonic acid aldaric acid 


АП OH groups react. 
The stereochemistry at all stereogenic centers 
is retained. 


Aldonic acids are formed using: 

е Ас.О,МНОН 

ө Си" 

e Br, HO 

Aldaric acids are formed with HNO,, H,O. 


[2] Reduction of aldoses to alditols (26.9A) 


CHO CH30H 
БЕЧ 19И NaBH, 
5 = CH3OH 
CH20H CH20H 
aldose alditol 
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[3] Wohl degradation (26.10A) 


CHO 
TDS Donde e The CI-C2 bond is cleaved to shorten an 
is cleaved. H—,- OH CHO - 
жан қал [f] NHOH aldose chain by one carbon. 

2 m = . . 
z^. [2] Асо, NaOAc _ | e The stereochemistry at all other stereogenic 
ee [3] NaOCH; VR EN centers 18 retained. 

сњон CHOH ө Two epimers at C2 form the same product. 


[4] Kiliani-Fischer synthesis (26.10B) 


CHO CHO 
Tue H-j— oH HO—L—H f 
= №] NaCN, HCI __ | us e One carbon is added to the aldehyde 
|= Па, Uum ДЕ end of an aldose. 
—> [3] Нзо* ИНКА UA e Two epimers at C2 are formed. 
ЄН ОН CH5OH CH;OH 
Other reactions 


[1] Hydrolysis of disaccharides (26.11) 


CH3OH СНОН 
2 о Н RNH; 2 о Н СН2ОН o NHR 
H H — KH H * H H 
| e Two anomers аге formed. 
А ou midH' ^H Aug d | Wo ano s are e 
OH Он он он H 


Practice Test on Chapter Review 


1.a. How are the following two representations related to each other? 


Poa CH20H 1. A and B are anomers of each other. 
2 H о H я 
HO О " 2. A and B are epimers of each other. 
He ДЕ en an ПА ad 3. A and B are diastereomers of each other. 
H H OH 4. Statements (1) and (2) are both true. 
А B 5. Statements (1), (2), and (3) are all true. 
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b. Which of the following statements is (are) true about monosaccharide C? 


1. C is a D-sugar. 


OH 
HO o 2. The 9 anomer is drawn. 
HO AOH 3. C is an aldohexose. 
Ho" зе 4. Statements (1) and (2) are both true. 


5. Statements (1), (2), and (3) are all true. 


c. Which of the following are different representations for monosaccharide D? 


CHo CH3OH 


T 
от 
| | 
| 
О 
I 
O 
N 
О 
I 
II 
гр © 
O 
I 
w 
I 
О 
n 
О 
I 


4. Both (1) and (2) are representations for D. 


5. Compounds (1), (2), and (3) all represent D. 


d. Which aldoses give an optically active compound upon reaction with NaBH, in СН,ОН? 


CHO CHO CHO 
нон "e eh шанаға 4. Both (1) and (2) give an optically active 
11 HO——H 2. НО [=н 3. H——OH product. 
5. Compounds (1), (2), and (3) all give optically 
HO ——H H —— OH H —— OH active products. 
CH5OH CH50H СНОН 


2. Answer each question about monosaccharide D as True (Т) or False (Р). 


OH 
HO бо 
HO OH 
D 

a. D is a D-sugar. f. Oxidation of D with HNO, forms an optically 
b. D is drawn as ап o anomer. active aldaric acid. 
c. D is an aldohexose. 2. C2 has Ше К configuration. 
d. Reduction of D with NaBH, in СН,ОН h. Treatment of D with СН,ОН, НСІ forms two 

forms an optically inactive alditol. products. 
e. Oxidation of D with Br,, Н,О forms an i. Treatment of D with Ag,O, and CH,I (excess) 

optically active aldonic acid. forms two products. 


j. An epimer of D at C3 has an axial OH group. 


3. Answer the following questions about the three monosaccharides (A-C) drawn below. 
CHO CHO 


сн;он 
H—— oH HO——H ag бе. tu 
HO——H H—|— OH H 
H H 
но--н н—- он | Н 
H—— OH H—— oH Oh. NOH 
сн;он сн;он А 
А в 
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a. Draw (һе a anomer of А in a Haworth projection. 

b. Draw the В anomer of B іп a three-dimensional representation using a chair conformation. 
c. Convert C into the acyclic form of the monosaccharide using a Fischer projection. 

d. Which two aldoses yield А in a Wohl degradation? 


4. Draw the product of each reaction with the starting material D-xylose. 


CHO a. СН,ОН, НСІ 
H—— oH b. NaBH,, CHOH 
но--н с. Br, Н,О 
aa d. [1] NaCN, НСІ; [2] H,, Pd-BaSO,; [3] ЊО" 
oreo e. Ac,O, pyridine 
р-хујозе 


Answers to Practice Test 


1.а. 5 3. 4. 
Без снҙон TAE CH2OH o H CHO 
c.4 HO A оон "EN a. KOH H d. HO——H 
a, OH H H H—— OH 
ud H OH do ae SSH H оно" но—|—н 
H OH He + В anomer H—— OH 
2.a. T OH eal EN сњон сњон 
AE p. HO 1-0 CH;OH M үзі ў 
c. T Qm | p, HO——H тон 
d. F HO t нон Сак 
eT CHO CHO CH;OH H oH 
| н— он но--н НО Так 
ET e НЕОН H—— OH H—— OH 
g.F но--н но--н соон CH20H 
h. T H—— OH но--н H OH СН2ОАс H 
1. F CH20H H—— OH c. HO H e OAc Ñ 
j T СНОН H OH H OAc 
| CH50H H ОАс 
+ В anomer 


Answers to Problems 


26.1 A ketose is a monosaccharide containing a ketone. An aldose is a monosaccharide containing an 
aldehyde. A monosaccharide is called: а triose if it has three C's, a tetrose if it has four C's, a 


pentose if it has five C’s, a hexose if it has six C’s, and so forth. 
CHO 


CH OH | CHO 
| Н-С-ОН | 
ie H с он oben 

b. an aldopentose -е- 

а. a ketotetrose H-C-oH р | с. an aldotetrose H-C—OH 
| Н-С-ОН | 
СН2ОН | СНОН 

CH20H 
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26.2  Rotate and re-draw each molecule to place the horizontal bonds in front of the plane and the 


vertical bonds behind the plane. Then use a cross to represent the stereogenic center in a Fischer 
projection formula. 


HO. c? HO. 20 
с с сно сно 
а сњеб-он = сон с седан _ нес-снон = н-|-сњон 
Сн,сн,он CH3CH30H CH CH; CH3CHs 
Os „Н CHO 
C^ теам 4 GRO он н сно сно 
b. |7: aasia = HO™C=ICH3 = носы а ТТ redraw 5 
eo compe mpm о са оси 
CH3 H CH, О 5 H 


26.3 For each molecule: 


[1] Convert the Fischer projection formula to a representation with wedges and dashes. 
[2] Assign priorities (Section 5.6). 


[3] Determine R or S in the usual manner. Reverse the answer if priority group [4] is oriented 
forward (on a wedge). 


3 (з) GN 
сн,мн, T CH2NH2 © CH2NH» 5 а CH2NH» 


a. а eum ————-  QImC-4CHjBr ———» 4 Cl™C~=CH2Br 2 e— (1) Ci C~ CHBr (2) 


Н H р H S configuration 
: (2) 
CHO CHO CHO [3] CHO 
| [1] : [2] " : 
b. а H = Сін СН — 1 С СН 4 RR (1) Сін С а Н Н forward 
CH2NHz CH2NH> CH2NH2 NC CH3NH2 S configuration 
3 
2 (2) 
CHO CHO CHO CHO 
| 11] Е [2] : [3] : 
с ан ~ с=”=сан ——— |1Сі-С«Н4 ——— (1) асн Н forward 
CH20H CH2OH CHOH CH3OH S configuration 
3 (3) 
3 (3) 
COOH uU COOH 2l COOH [3] сдон N 
а. а—-сња Ст С СН2Вг 1 Се-С<СНВГ 2 ——— а С = 268: [2 ] 
H E Я = 
М 4 а. S configuration 
26.4 
сна CHO 
HO» ү: “H HO H 
rotate re-draw HO = n “H HO H 
Convert смех HO H 
staggered to Н-С-ОН H OH 
eclipsed. | 
CH3OH CH50H 


26.5 


Н-С-<ОН 
но» Сн 
н» Сон 
н» Сон 
CH3OH 


D-giucose 


ДАР a 


лит 
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26.6 AD sugar has the OH group on the stereogenic center farthest from the carbonyl on the right. 


An L sugar has the OH group on the stereogenic center farthest from the carbonyl on the left. 
CHO 


CHO 
E. H—— он 
H—— OH 
HO H 
СНОН 


А 
OH group on the left: L sugar 


b. Aand B are diastereomers. 
A and C are enantiomers. 
B and C are diastereomers. 


но-- 


H 


н— он 


но 


Н 


CHOH 


OH group on the left: 


26.7 There аге 32 aldoheptoses; 16 are D sugars. 


C2R CHO 
C3R eatin 
H-*1— OH 
H—— OH 
H—— OH 
H—— он 
CH50H 


CHO 
H—— OH 
H—— он 

HO —— H 

HO——H 
H—— он 

снҙон 


L sugar 
CHO 
H—— OH 
H—-— OH 
HO——H 
H—— OH 
H—— OH 
снҙон 


CHO 
но--н 
HO——H 

H OH 

CH 0H 


с 
OH group on the right: р sugar 


CHO 
н— OH 
H—— OH 
H—— OH 

HO——H 
H—— OH 
CH30H 


26.8 Ерітегѕ are two diastereomers that differ in the configuration around only one stereogenic 


center. 
epimers 
CHO CHO CHO 
H —— ОН HO H H —— OH 
and 
H —— OH H OH HO ——H 
p-erythrose D-threose L-threose 


26.9 а. р-аПоѕе and L-allose: enantiomers 
b. p-altrose and D-gulose: diastereomers but not epimers 
c. D-galactose and D-talose: epimers 
d. D-mannose and D-fructose: constitutional isomers 


e. D-fructose and D-sorbose: diastereomers but not epimers 


f. L-sorbose and L-tagatose: epimers 
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26.10 
CH30H CH30H CH30H CH30H 
С=о С=о С=о С=О 
а HO——H H—— OH b. HO——H C  HO——H 
H—— OH HO—-—H HO——H H—— OH 
H—— OH HO ——H H—— OH HO ——H 
CH3OH СНОН CH3OH CH3OH 
D-fructose L-fructose p-tagatose І-зогрозе 
enantiomers 
26.11 
cis to 
CH30H HO Снов CH20H Ж 
: HA он о : HA o о 
OH OH HO “10H | Н H HO" OH 
HO HO H х= 
H — H trans to HO Он OH OH HO он 
а anomer СНОН В апотег 
26.12 


Step [1]: Place ће О atom in the upper right corner of a hexagon, and add ће СН,ОН group on 
the first carbon counterclockwise from the O atom. 


Step [2]: Place the anomeric carbon on the first carbon clockwise from the O atom. 
Step [3]: Add the substituents at the three remaining stereogenic centers, clockwise around the 


ring. 
СН>ОН 
а. Draw the a anomer of: CH20H СНОН ы т 
О о H 
CHO ІП А [2] H [3] His rj 
H OH OH HO OH 
H—— он OH OH 
H OH D sugar, CH20H о anomer First three substituents are 
is drawn up. e is down on the right, so they are 
Or a D sugar. 
д OH <— farthest away C, 9 drawn down. 


CH3OH OH on right = р sugar 


b. Draw the о anomer of: 


H H | 
о OH H О. он 
СНО [1] о [2] Сн-он [3] asd 
нон СН2ОН 2 он 
H HO H 
но--н H H 
H—— он L sugar, CH20H The a anomer The first two substituents are 

is drawn down. has the OH and on the left, so they are 

HO ——H СН2ОН trans. п drawn up. The third is on 


an L sugar, the the right, drawn dow 
CH20H OH must be drawn up. au n; 
farthest away C, 


OH on left = L sugar 


c. Draw the f anomer of: СНОН 
о 
CHO [1] H 
HO ——H 
H—— OH 
р sugar, СН>ОН 

H—— OH is drawn up. 
Н —|— OH —— farthest away C, 

сњон ОН on right = р sugar 


В anomer 
OH is ир for 
a D sugar. 


26.13 To convert each Haworth projection into its acyclic form: 
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CH30H 
H O. OH 
[3] H 
H OH 
HO H 
OH H 


The first substituent is 
on the left, so it is 
drawn up. The other two are on 
the right, drawn down. 


[1] Draw the C skeleton with the CHO on the top and the СН,ОН on the bottom. 
[2] Draw in the OH group farthest from the С=О. 


A CH,OH group drawn up means a D sugar; a СН,ОН group drawn down means an L 


sugar. 


[3] Add the three other stereogenic centers. 
“Up” groups go on the left, whereas “down” groups go on the right. 


"m СЊОН is up = 
up group СНОН <--- р sugar 
on left 
— HO О OH 
H 
a. H H 
H H 
OH OH 
"down" groups 
on right 
СЊОН is down = 
L sugar 
H 
b. 
— HO OH 


"down" groups 
on right "up" group 
on left 


CHO CHO 
[2] [3] 
= == со Н = OH 
== == H—— OH 
—rL— =_ == HO ——H 
т E H—— OH == Н = OH 
СЊОН CH20H CH20H 
OH on right = 
D sugar 
CHO CHO CHO 
[2] [3] 
=== — ВО —— H 
—— —— H —— OH 
=— == — H—— OH 
- HO H HO—— H 
СНОН CH2OH СН2ОН 
ОН on left = 
L sugar 


[1] Draw the pyranose ring as а chair with the O as ап “ар” atom. 


[2] Add the substituents around the ring. 


O is an "up" atom. 


СН2ОН 
HO о OH qm o 
Т [1] uestre 
а H 
H H 
OH OH 


26.14 To convert a Haworth projection into a 3-D representation with a chair cyclohexane: 
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H O is an "up" atom. 
О Н 
With so many axial groups, 
b. тран H [1] о 2] this is not the more stable 
conformation of this sugar. 
HO он 522. g 
OH H 


26.15 Cyclization always forms a new stereogenic center at the anomeric carbon, so two different 


anomers are possible. 
Two anomers of p-erythrose: 


CHO 
н— он m О H H о OH 
н— он H H H H 
H OH H H 
CH20H 
в он он он он 
p-erythrose 
26.16 
HO 45 НО Не 
ЕОН HO -О * HO -О 
НСІ НО H HO OEt 
OEt H 
В-о-тапповзе 
OH „он OH OH OH „Он 
О ЕОН О + О 
H HCI H OEt 
OH 
OH OH он "9 ов он НО Ңң 
a-D-gulose 
CH20H CH20H CH20H CH20H 
сы” EtOH LM Luxe * 
CH20H СН2ОН 
Пан 
26.17 


"ro 2-2 d) 5 
р: EN t : а “ 
A X ка об ША Р с“ 
не СОН ~ „> қ Y ~ "V. 
HO ‘OH 


HO OH HO OH 


resonance-stabilized 
carbocation 


ae. 
61 H20: 
OO O, Џон 
H20 Е H uo 7 у 
S— te = : У + H3O* 
аһоуе HO “он HO “ОН 
\__/ ONES 
00% H a 
H20: 
HO OH " о dé 2 о OH 
planar carbocation H20: но 7 +H но 7 г 
= LL ў —s + H30* 
below HO OH HO “OH 
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26.18 
а. All circled O atoms аге рап of a glycoside. OH b. Hydrolysis of rebaudioside A breaks each bond 
indicated with a dashed line and forms four 
OH molecules of glucose and the aglycon drawn. 
OH + Ho 
HO 
4 
rebaudioside A » 
Trade name Truvia 4 
„=о адјусоп 
HO, HO 
Both anomers of glucose are 
formed, but only the f anomer is 
HO drawn. 
OH 
26.19 
OH „Он cHo USD 
О Ag20 О 
оңо он сну CH30 осн; 
Or CH30 
H H 
ОСН-С<Н5 
OH OH CgH5CH20 
О Ман о 
b. но OH  CaH&CH;C|  CęHsCH20 ОСНЕСЕНЕ 
он CgH5CH20 
H H 
4 С6НБСН20 ,ОСН;:С5Н5 Ce HgCH;O OCH5CeHs 
| о H30* О 
СсН5БСН2О OCH5C&Hs СеНьСН20 OH + а апотег i3 HOCH5C&Hs 
CgHsCH20 CgH5CH 20 
H H 
OH „ОН OAc _ OAc 
О Ас;О о 
а. HO OH pyridine AcO OAc 
OH AcO 
H H 
OH „он 9 CeHsCOO ооссан 
О + 2С. — О 
Сен с idi 
е но E OH 65 ре CeHsCOO OOCC&Hs 
H 
H CgHs5COO ү, 


СеНвСН20 _ OCH2CgHs 


Т 
f. roduct in (c 
2 ©) % САН о“ тат Ө + о апотег 
675 рупате 
СеНьСН>2О OCOC&sHs 
СвНьСН2О 
Н 
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26.20 
CH20H CH20H CH20H 
= H—— OH HO——H 
HO——H Мав; но--н HO——H 
но--н снаон но——н ^^ нон 
н— он H—— OH H—— он 
CH20H снҙон CH50H 
D-tagatose p-galactitol p-talitol 


26.21 Carbohydrates containing a hemiacetal are in equilibrium with an acyclic aldehyde, making them 


reducing sugars. Glycosides are acetals, so they are not in equilibrium with any acyclic 
aldehyde, making them nonreducing sugars. 


hemiacetal acetal hemiacetal 
CH>0H и 1. |. 
HO O. OH 
а. 5 OH H А b. "ad c. 5 
H H у : 
H он HO он % 
reducing sugar nonreducing sugar lactose 
reducing sugar 
26.22 
CRO COOH CHO COOH 
a. HO——H Кеб HO H с но——н TR нон 
H—— OH NH4OH H OH H—— OH Ye H—+— OH 
н OH H OH H—— OH H—— OH 
CH20H Сон CH30H COOH 
CHO COOH 
HO——H Br; HO H 
H—— OH H20 H OH 
H—— OH H OH 
СН2ОН СН2ОН 
26.23 Molecules with а plane of symmetry are optically inactive. 
CHO COOH 
CHO COOH нон нон 
а ин ee risen некад c HO—+—-H но--н 
FU OH H ОН HO——H HO——H 
CH4OH COOH нон нон 
p-erythrose optically inactive CH20H COOH 
D-galactose optically inactive 
CHO COOH 
Ho H HO H 
b. HO H - HO H 
H OH H OH 
CH OH COOH 
р-Іухове 


optically active 


26.24 


26.25 


26.26 


СНО СНО 
CHO 
HO ——H H —— OH 
H 
н— OH H—— OH 
or - HO 
HO——H HO ——H 
H 
н— OH н— OH 
CH20H 
CH 20H CH 20H 
р-хуіове 
р-іаоѕе D-gulose 
CHO CHO CHO 
cno HO ——H H—— OH нон 
HOTE А 00 оңо Ңң. зној HO——H 
ЗН LES с. 
п em H—— OH H—— OH HO——H 
шы CH50H CH20H H—— он 
p-threose СНОН 
сно CHO D-galactose 
CHO 
HO ——H Н —— OH 
н— OH 
H —— OH H—— OH 
H——OH = * 
н—> OH н— OH 
H—|— OH 
H —— OH H—— OH 
CH 20H 
CH 20H CH2OH 
p-ribose 
Possible optically inactive p-aldaric acids: 

CHO COOH COOH 
H—— OH H—— он H OH 
H—— OH = «| plane of г 

e symmetry 
нон H— H OH 
сњон соон | COOH 

А 


This OH is on the right for a р sugar. 
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CHO 
HO——H 
н--он 
но--н 
но--н 
H—— OH 
CH30H 


CHO 


+ 


сно 
H—[— OH 
н—- он 

но--н 

но--н 
н--он 
сн;он 


There are two possible structures for the D-aldopentose (A' and А"), and the Wohl degradation 
determines which structure corresponds to А. 


CHO 
H—|— OH 
H—|— OH 


Wohl 


CHO 

H—— он 

H—— OH 
CH30H 


[0] 


COOH 
H—— OH 
H—— OH 

COOH 


optically inactive 


COOH 


но--н 0O] 
H—— OH 


COOH 


optically active 


Because this compound has no plane of symmetry, 


its precursor is B, and thus A" = A. 


HO——H 


This is A. 
CHO 
H—— OH 


H—— oH 
CH20H 
A" 
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26.27 
Optically inactive alditols formed from NaBH, reduction of а p-aldohexose 
CHO CH20H CH20H CHO 
H—— ОН Н —— OH H—— OH H—— ОН 
H—— OH NaBH, H—— OH HO——H NaBH, HO—1—H 
нон 7 нон НӨН ое 
H—— OH Н —— OH H—— OH H—— OH 
CH20H CH20H CH20H CH20H 
A' optically inactive optically inactive A" This is A. 
CHO This is B. CHO 
H—— OH CHO COOH COOH CHO H—— OH 
н— он Кош H—+—OH [o] Н--он HO——H [о] но--н HO——H 
Н OH H—— OH — HO ——H HO ——H HO ——H 
H—— OH H—— ОН Н— ОН Н— OH Н— ОН H—— OH 
CH20H CH2OH COOH COOH CH2OH CH3OH 
А в optically inactive optically active p" A" 


Two D-aldohexoses (A' and A") give optically inactive alditols on reduction. А" is formed from В" by 
Kiliani—Fischer synthesis. Because В" affords an optically active aldaric acid on oxidation, В" is B and 


A" is А. The alternate possibility (А") is formed from an aldopentose В" that gives an optically inactive 
aldaric acid on oxidation. 


26.28 
OH 
О 
P IO OH OH 
* 
OH H30 а о The same products аге formed 
OH о HO + HO on hydrolysis of the a and В 
О HO HO OH anomers of maltose. 
HO 
он HO 
HO он OH 
| a-D-glucose В-о-дінсозе 
о апотег 
26.29 
В glycoside bond 
OH OH 
_ А 9 OH 
1 
HO Ho Одо 
OH OH | 
cellobiose Two anomers are possible here; the В OH is drawn. 
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26.30 
oH n 
OH HO 
a. OH 4 HO 5 4 - О о 
4 NPO o С. оно b HO но 1 dextran 
Оно : 1 HO 6 
RO HO ; 
6 
о 
неро 1 
нос 
6 
о 
НО 
HO 
26.31 
OH 
но, он 
X AOA 
OA OL A 
HO 


HO 


. 


“оно 


Он X 


a. 3-Fucosyllactose contains two acetals and one hemiacetal. The acetal C's 
OH 


are circled, and the hemiacetal C is boxed in. 
“он 


b. НзО* cleaves acetal bonds, labeled with two arrows 


3-fucosyllactose 


H30* 
OH OH 
о он HO ^ OH HO,, OH 
HO ae 
+ 
. + NE E 

но aX |797 “он но” “о 

OH € and В апотег ОН 


26.32 


a and В anomers 


OH OH OH OH 
i о 5 i 
HO HO HO HO 


O 
NHAc NHAc 


NHAc NHAc 


chitin—a polysaccharide composed of NAG units 


OH OH | он он 
[e 
HO HO HO HO 
NH, NH, NH, NH, 


chitosan 
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26.33 
CH3NH5 
a. 
mild H* 
OH 
„оно о CeHsNH2 но РА 
он “так NHCeHs қ 
он 
он H H NHCeHs 
26.34 
CHO 
—N 
о {= о 
М E NH; OH HO ——H 
H H E 
BE d | LM X H—— oH 
HO он Moz Ho “он *'Panemers — нон 
$ СНОН 
vidarabine p-arabinose 
mn 
HN 
vy NH2 
Ax Ма 
B adenine 
cystosine 
cytarabine 
D- "s 
26.35 


a. Two purine bases (A and G) are both bicyclic bases. Therefore they are too big to hydrogen 
bond to each other on the inside of the DNA double helix. 
b. Hydrogen bonding between guanine and cytosine has three hydrogen bonds, whereas there are 


only two between guanine and thymine. This makes hydrogen bonding between guanine and 
cytosine more favorable. 


N i H 2. | 
| N^ о ^N 
pal ж $ e | PW S m 


es N N thymine 
H Н Т 
guanine guanine 
G G 
26.36 
phe CHO 
Н» » зон H —— OH 
a. rotate re-draw HO» f “H HO = H 
* Convert H»C40H н— он 
H OHH on Staggered to | 
; Н» СОН H—— OH 
eclipsed. | 
CH20H СНОН 
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онс сно сно 
Н 
; н-с-«он H—— OH 
b. re-draw а: HO —— H 
|o EP а но-сен T нон 
staggered to БЕН Ең 
eclipsed. Hb OM H QH 
СН2ОН СН2ОН 
26.37 
CHO 
H CHO 
: о та H OH SH E. 
о H—— OH 
= H OH HO = 
H—— OH 
d H OH он 
он он OH Он H—— OH 
CH30H QE 
A B 
В anomer p-ribose о anomer p-allose 
26.38 Labelthe compounds with К or 5 and then classify. 
H, 29 
c H С Н с? о 
Los СНЗСН = C OH p Ws | 
CH3CH Б © d So Re SS њен 
2573 To бн НО H 
А R R 5 
R identical identical enantiomer 
26.39 Use the directions from Answer 26.2 to draw each Fischer projection. 
и CH3 H Chis CH3 
A _ СООН N ABI re-draw H=C=Br он 5 Вг 
CH,—C-Br = CH,-SI—Br ӨК x Шы E | т 5 
з CBr 3 TA X Br-C—H Br H 
= H Br CH3 = 
H CH3 CH3 
E OCH 
LO а оснз HO H H OH 
b. 2 re-draw : 5 2 S 
pu Sore Us СНз = = CH5CH3 = CH3 CH2CH3 f. HO : ` 
: РЕНӘ 
OEt OEt > 
нон x CHO CHO 
СІ ü К & : р 
с | re-draw 2 5 желу) vigi alias en ren 
: CU = : t - 
CH4CH; 7 NH CH3CH2 = С а CI CH3CH5 CI но-с-н но3—н 
= R 
zi Br pr нес=он нон 
CH CH3 Снҙон снҙон 
He C-Br H—— Br 
а. | - © 
Сін СН CI—L—H 
CH2CH3 CH2CHs 
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26.40 
CHO CHO CHO CHo "e 
HO—|—H H—— oH HO—|—H UNE жез T m 
a. H—— OH HO—-—H > нон с HO—]—H а. 
нон но--н C3— нон Кен он 
сњон CH20H CH20H CHON 
D-arabinose enantiomer epimer diastereomer constitutional 
(but not epimer) isomer 
26.41 
CHO CHO CHO CH20H 
HO——H HO —1—H H—— OH С=О СНОН Wo OH 
H—— OH H—— OH HO ——H H—— OH H O. OH HO 
H -О 
H—— OH H—— OH HO ——H H——OH H OH 
OH H HO OH 
H—— OH HO ——H H——OH н--он 
OH H 
СНОН СНОН СНОН СНОН Е 
А B С D E 
a.AandB  epimers c. Band C enantiomers e. Eand F diastereomers 
b.AandC  diastereomers d. A and D constitutional isomers 
26.42 Use the directions from Answer 26.12. 
CH OH CH OH CH50H 
a. B-D-talopyranose о 
0 9 [2] о үн 
CHO H H А он 
OH 
HO ——H H H H 
HO ——H H H 
кен нез р sugar, СНҘОН В апотег 
HO H is drawn up. OH is up for 
H—— OH <- farthest away C, а о зидаг. 
сн-он ОН on right = p sugar 
p-talose 
b. a-D-galactopyranose CH20H CH20H CH20H 
он 
сно 0 9 [2] ЗА ара 
H H H 
H—— OH Qn 
OH H OH 
HO——H H Он 
— 3 р sugar, СНОН а anomer 
He B is drawn up. OH is down. 
H—[L— OH -<- farthest away C, 
CHjOH OH on right = p sugar 
D-galactose 
. a-D-tagatof СНОН снҙон 
c. a-D-tagatofuranose CH;OH сњон сњон 2 2 
OH о. OH 
СНОН [1] [2] [3] EQ. 
С=О H H OH H OH 
>= H H 
HO H р sugar, CH20H о anomer 
HO —1—H is drawn up. OH is down. 
H—— OH ~=— farthest away C, 
сњон ОН on right = р sugar 
p-tagatose 


26.43 
CHO CHO 
a. H—— OH H—— OH 
HO——H 2 Lo нон 
H—— OH HO NEC 
H—— OH H—— OH 
СНОН CH20H 
D-glucose epimer at C4 
D-galactose 
CHO CHO 
b H —+— OH HO E. 
нон  . 5 H —— OH P 
HO——H HO——H 
H—— OH H—— OH 
СНОН CH20H 
p-gulose epimer at C2 
D-idose 
26.44 
CHo OH ~— D sugar 
a. H —— OH HO 
о 
H—— OH 
HO—]—H OH 
OH он 
H—— OH=— а anomer 
СНОН 
farthest away C, 
ОН on right = р sugar 
nas OH D sugar 
9 нон НО OH 
H—— OH 20 
HO ——H 
OH OH 
H—— OH == 
о anomer 
CH20H 


farthest away C, 
ОН on right = p sugar 


26.45 Use the directions from Answer 26.13. 


CH2OH is up = 
"up" group СЊОН = р sugar uU 
on left OH О OH 

a. H 

OH H 

H H 
H OH «— "gown" group 
on right 
"up" group 
on left 


CH5OH 
OH о н 
RES Он H 
H OH 
H OH 
a-anomer 
HO OH 
HO 
Ep -О 
OH 
OH 
В-апотег 
OH 4— D sugar 
HO 
о 
OH 
OH OH 
В апотег 
OH -— P sugar 
HO но 
-O 
OH 
OH 
В anomer 
CHO CHO 
[2] 
EFT тач H—— OH == 
CH3OH CH20H 
OH on right = 
D sugar 
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CHO 
H—— OH 

но--н 

но--н 
н—- он 
сњон 
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CH3OH is down = 


L sugar 
"up" group CHO CHO CHO 
on left [1] [2] [3] 
---ОН —]— — HO ——H 
b. —_— —_— H—— OH 
и == HO ——H 
- HO H HO ——H 
"en CH20H СНОН СНОН 
up" group L 
"down" group on left са e ia Е 
on right 9 
СЊОН is ир- 
CH2OH = р Sugar 
он сно сно сно 
Ho H О OH [1] [2] [3] 
HO -O H — == HO ——H 
c. е 
OH = H OH SEN o o€ Е H—— он 
OH SB à -- -- H—— OH 
OH H —— H он = H OH 
D sugar CH3OH CH20H E А CH3OH 
H = on right = 
d. HOCH; о О С=О р 5идаг 
H—— OH 
H CH;OH нон 
OH OH H—— oH 
CH20H 
26.46 
Two anomers of D-idose, as well as two conformations of each anomer: 
OH. OH + equatorial CH2OH group OH 
tà e. 
а anomer HO О ОН 
он Он HO 
4 axial substituents 4 equatorial OH groups 
More stable conformation for the о anomer—the CH2OH is axial, 
but all other groups are equatorial. 
y ial 
OH. OH equatorial СНОН group OH аха 
OH 2 cr ON 
-O 6 axial 
H 
В anomer HO О Su 
OH HO 
3 axial substituents 3 equatorial OH groups 
The more stable conformation for the В anomer—the СНҘОН is 
axial, as is the anomeric OH, but three other OH groups are 
equatorial. 
26.47 
О СНО 
НО OH 
о ES JL HO KOH HO ——H 
ДА HN NH у 
НМ SH » OH H—— OH 
2 о HO" ^о H—— OH 
О = | 
СНОН 
раѕе a and В апотегѕ 
spongothymidine thymine 


e 
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26.48 
О о. о „ОН а а О о 
^u ОН Ман PW CM к ^u OH 
a. HO H " Ше 4 
СІ СІ 
В О [9] 
b. EN 
HO ә OH + ^ H 
H OH 
О 
26.49 
НО он 
О 
НО 
OH OH 
p-gulose OCH 
CH3O 3, ОСН: 
OCH3 О 
а. СНз1, Ag2O о d. The product іп (а), then НзО* 
CH30 
CH30 CH30 OH 
CH30 OCH3 
+ В anomer 
HO OH 
b. СНҘОН, НСІ 5 e. The product in (b), then Ac2O, pyridine OAc OAc 
о 
НО 
HO OCH3 OAc 
+ B anomer OAc оснз 
+ Вапотег 
OAS OAc p 
C. Ас2О, pyridine o f. The product in (d), then СьН5СН2С1, Ад20 СНО OCH 
3 
OAc О 
ОАс ОАс 
CH30 
CH30 OCH 3CgHs 
+ Вапотег 
26.50 
COOH 
CHO а. (CH3)2CHOH, НСІ он c. Вг, Н2О al 
OH 2 H2 HO H 
HO —1—H HO -О «B H—— OH 
anomer 
H—— OH 
H—+— OH 
H —— OH OH OCH(CH3); ТӨНЕ 
PEE Бен г CH;OH 
CHOH сњон соон 
D-altrose b. NaBH4, CH30H HO ——H d. НМОз, о НО Н 
H—— OH H—— OH 
H—— OH H—— OH 
H—— OH H—— oH 
CH20H COOH 
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CHO 
e. [1] NH2OH Н— OH 
[2] (СНзСО)>0, Маососнз TE ӨҢ 
[3] NaOCH3 
H—|— OH 
CH50H 
CHO CHO 
HO—}—H H—— oH 
f. [1] NaCN, HC 
[2] H2, Pd-BaSO4 Бан Ек ath 
[3] НзО* H—— OH H—— OH 
H—|— OH H—|— OH 
H—|— OH H—+— OH 
Сн-он сн-он 
он 
H3O* 


salicin chon 


OCH3 
9. CH3I, Ад20 OCH3 
CH30 ne 
+ В anomer 
OCH3 OCH3 
h. CgHgCH3NHs, mild H* OH 
6 SC 2МН2 OH 
HO Eo 
+ В anomer 
OH NHCH2CgHs 
OH 
HO 
OH + 
osaccharide aglycon 


(both anomers) 


OH OH 
но, но 
P О О 
Ho* Ow ОГ ае 
он О о 
solanine 
HO “он 
OH 
26.52 
OH 
HO HO OH 
о 
а. о о 
—> 
он O" он“ OH 
OH 
HO A HO 
O OH 
о о 
b. =y = 
он он ОН он он ОН 
(а + B) 


он 
О + 75 
< “он 
OH 
monosaccharide 
(both anomers) OH 
HO [9] HO 
О 
3: 
но "он но” ~ “он 
он он 


топозассћапде 


топозассћапде 
(both anomers) 


(both anomers) 
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26.53 
СН>ОН CHO 
OH он —— 
КШ NEM Қ A _ Мом HOTEN 
“с? a OH Oen emer | degradation HO ——H 
H OH 
H—|— OH н он H—— OH 
HO—— H сњон 
но——н 
E HO. „о 
H—|— OH HO С 
сн;он b о ЕНЕМЕ у д М9 rack 
A HO c: OH NH,OH но--н 
HO——H 
CHO CHO H—— OH 
2 2 
н-Ф-он Ho -5H CH30H 
e H—— он roy < М д 
degradation 
HO——H and HO——H 
но--н HO——H 
H—|— OH H—|— OH 
сњон CH20H 
Two epimers at C2 are converted to A. 
26.54 
и 
сн>он 
нон а. H OH В апотег d. 
но--н H H 
H—— OH OH H 
CH3OH 
OH 
B HO 
О 
b "b e. 
о апотег 
OH OH 
CHO 
H—|— OH 
iliani— HO—|—H 
c B Kiliani 
Fischer H —— OH + 
HO—-—H 
н— он 
сњон 
26.55 
но. „О н. 40 н. 40 
bd er CH;OH MET 
н—- он н—- он H OH HO——H 
H—— OH HNO3 H—— OH н—- он H—— OH 
or - 
HO——H HO——H HO H HO——H 
н— OH н— он H OH HO—+—H 
Let сн;он „С. сн;он 
но“ “о н СО 
p-gulose L-glucose 
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26.56 
CHO сн;он CH30H CHO 
H—— OH H—— OH H—+— OH но——н 
НО = Н NaBH4 HO —1—H NaBH4 HO = Н S HO ——H 
H—+— OH H—+— OH H—|— OH H—|— OH 
H—— OH H—— OH нон но--н 
CH30H CH50H CHO сн;он 
D-glucose L-gulose 
26.57 
CHO CHO CHO CHO CHO 
CHO HO——H H—|— OH 
б 5 HO —— H H—— ОН HO ——H 
be. ie i HO——H | нон в. но——н DNE ea OF er d 
mel но--н но--н нон с: АН 
LN H—— OH H—}— OH нон потен HO——H 
С СН>ОН СН>ОН CH3OH H—— OH H—— OH 
сн;он сн;он 
26.58 
OH он О 
EA о CH3OH TS Ne ps I А О 
OH HC но OCH3 Ags о “и 
НО H 92 
OH o uy. о-- 
* aanomer + aanomer 


- «anomer 


CHO снҙон CH3OCHs 
H—— OH H—— OH H—— OCH; 
Pees р NaBH ees pe. Сее енен 
H——OH СНОН H—— OH доо H—— OCH 
H—— OH H—— OH H—— OCH; 
сњон сн;он сн;оснз 
CHO COOH COOH 
c H—— OH H—— он H—— OAc 
HO——H B2 нон AGO COH 
H—LoH H20 H—+—OH_ Pyridine ң----ОАс 
H—— OH H—|— он H—— OAc 
CH OH CH OH СН;ОАс 
26.59 Molecules with а plane of symmetry are optically inactive. 
CHO CH30H CHO CH20H 
H—— OH H OH H—— OH H—— OH 
NaBH, NaBH, 
H —— OH HO —— ——— 
на op CHOH З B нон CHOH Tu MS 
CH30H CH30H CH20H CH20H 
p-ribose D-xylose 
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26.60 
OH OH OH 
HO E H30* HO 5 + ЧНО О + сњон 
а OCH3 OH 
OH OH OH 
OH OH OH OH 
OCH3 OCHs OCHs 
HO + HO HO 
Е H3O > J 
„оно О 3 но О " HO FEM +EH 
он OEt он он он 
носн; NHCH2CH3 " HOCH; OH HOCH; 
Я о H30 Ө р 2 + NH;CH;CHs 
OH 
он он он он он он 
26.61 
E 
» ин 
P. | ОНУ ов (апу Базе) :OH 
Her H :OH Де, pa b 
zh <]. он — CeHs E I» CeHs 2 Ах 
0 T о на о 
CeHs H CeHs H О 
но но OCH3 HO OCH 
НЕ осн; он он 
он 
" 
:OH2 
: PS 
сы No Но CeHs~ `O 
HOO О HO 2 но: 9 
( НО OCH3 HO OCH3 HO OCH3 
T OH OH OH 
) * H20: 


(any base | 


Не) + HB* 
"HO OCH3 
OH 
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26.63 


OH 


H H 
i8 > Г 
СНО :OH C=O: C6 Y 
Haf OH Gt-oH C-OH E 
но——н HO——H HO——H 
H—— OH но н— он H—— oH 
H —— ОН H —— ОН H —— ОН 
CH20H СНОН сн;он 
p-glucose Protonation of this Protonation on O 


enolate can occur 
from two directions. 


forms an enediol. 


[но 
two protonation 
products |= CHO 
HO ——H 
HO ——H 
H—— OH 
н— OH 
СНОН 
H—OH 
H H о H 
C—O C—OH “С-оОн 
ҚОҒАУ “ T д 
C-O-H :Он с-0 С=О 
HO——H HO——H HO ——H 
H—— OH H—— OH н--о  - 
H—— OH H —— OH H—— OH 
CH20H CH20H CH20H 
enediol + H20 
A 


Deprotonation of the OH at C2 
of the enediol forms a new 
enolate that goes on to 
form the ketohexose. 


HO 
HO 
H 
foe 
C— OH 
HO —— H E 
+ ОН 
H —— OH ш 
Н--ОН 
СНОН 
enediol 
A 
H 
H—C- OH 
С=О 
HO——H mes 
+ ОН 
Н = OH ss 
H = OH 
СН>ОН 


26.64 
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Two p-aldopentoses (A' апа A") yield optically active aldaric acids when oxidized. 


Optically active p-aldaric acids: 


CHO COOH 
НО > Q—]—H 
H —— OH ЛОИ. H—— ОН 
Н = OH H = OH 
CH3OH COOH 
A' optically active 
CHO COOH 
моћ нон [O] H—— OH 
H—|— OH H—|— OH 
CH2OH COOH 
optically 
inactive 


COOH CHO 
HO H ВО —— H 
Й [0] 
о H = НО H 
H OH H —— OH 
COOH СН2ОН 
optically active A" 
D-lyxose 
CHO 
COOH CHO 
HO——H 
HO——H [O] HO H Мон 
= |HO ——H 
H = OH H OH 
H—;— OH 
COOH CH20H 
CH 20H 
no plane of А" 
symmetry 


optically active 


Only A" undergoes Wohl degradation to an aldotetrose that is oxidized to an optically active aldaric 
acid, so А" is the structure of the D-aldopentose in question. 


26.65 
Only two D-aldopentoses (A' and A") yield optically inactive aldaric acids (B' and B"). 
CHO COOH COOH CHO 
Н---он H OH н —L— OH н —— OH 
H—-—oH | 10) He——4— (01 нон 
H——OH H OH н— он н —— OH 
CH,OH COOH COOH CH,OH 
А Б! B" А" 
optically inactive optically inactive 
Product of Kiliani-Fischer synthesis: 
CHO CHO CHO CHO CHO CHO 
H —L—oH H—— OH нон HO ——H H —— OH нон 
wp КЕ | H——OH H —— OH H —— OH H —— OH K-F 
i X dece нон нон | ай 
н—он Xm д о н —— OH 
CH,OH Бк EA НӨН METON CH,OH 
А CH,OH CH,OH CH,OH CH,OH 
D' С! С" D" A" 
jio то) jio ој 
СООН СООН СООН СООН 
H —— OH HO ——H HO —[—H н он 
plane of __Н—|- ОН H —— OH н ——0H H —— OH 
symmetry  H—— oH нон HO ——H HO —L—H 
H —— OH н ——OH н —— OH н —— он 
COOH COOH COOH COOH 
optically optically optically optically 
inactive active active active 
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Only А" fits the criteria. Kiliani—Fischer synthesis of А" forms С" and D', which are oxidized to one 
optically active and one optically inactive aldaric acid. A similar procedure with А" forms two optically 
active aldaric acids. Thus, the structures of A-D correspond to the structures of A'-D'. 


26.66 


Only two p-aldopentoses (A' and A") are reduced to optica 


CHO 
HO ——H 
H—— он ІН! 
H—— OH 
CH3OH 
А 
US CHO 
HO—}—H pee 
u op КЕР: HOC LH 
H —— OH Jag cdd 
CH3OH амы тазы 
CH30H 
А B' 
Іш 
COOH 
H—— OH 
HO ——H 
H—— OH 
H—— OH 
COOH 
optically 
active 


СНОН 


он 
CH20H 


optically 
active 


Product of Kiliani-Fischer synthesis: 


CH 0H 
HO——H 
HO—[—H 

H—— OH 

CH30H 


optically 
active 


ly active alditols. 


CHO 


CHO 
HO ——H 
HO ——H 
di 
H —— OH 
H—— OH 
CH OH 
с 
{ies 
COOH 
HO ——H 
HO —1—H HO H 
H —— OH HO H 
H—— OH H OH 
COOH COOH 
optically optically 
active active 


OH 
COOH 


optically 
inactive 


CHO 

HO——H 

HO—[—H 
H—|— OH 
сн;он 


А" 


Only А" fits the criteria. Kiliani—Fischer synthesis of А" forms B" and С", which are oxidized to one 
optically inactive and one optically active diacid. A similar procedure with A' forms two optically 
active diacids. Thus, the structures of A-C correspond to A"-C". 


26.67 А disaccharide formed from two mannose units in a 1—4-o-glycosidic linkage: 


О 
HO 
HO ic OH 
| MISC 
О 
НО 


о glycoside bond 


OH 
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26.68 
OH он 
О 
а. о glycoside bond 
1 
HO ш 6 
HO О 74 45; 
HO -O 17 6-a-glycoside bond 
HO 
reducing sugar — OH 
(hemiacetal) 
OH „он Ochs och, БЕН 
О о 3. ОСНз HO OCH3 
b сна! но“ О CH30 z9 
Но: , ~ А920 och” CH30 SN 
О 3 О з 
HO "УО сњо рө” M NC on 
3 + + 
но CH30 E F CH3OH 
(Both anomers of E and F are 
С on D OCHs formed, but only one is drawn.) 
26.69 
OH 
HO 
OH 
a, b. 
{w 
HO = 1> 6-a-glycoside bond 
1> 6-a-glycoside bond 
HO 4 1> 2-a-glycoside bond 
ж 
НО 
sU OH 
stachyose OH OH 
H30 HO HO О OH 
С он о HO e 
" о n j | + 
НО E HO < “он но” “он 
он Он OH 
| identical | 


Two anomers of each monosaccharide are formed, 
but only one anomer is drawn. 


d. Stachyose is not a reducing sugar because it contains no hemiacetal. 


Chapter 26-30 


осн; 


снег 
е. CH30 
Ag20 OCH3 
w О 
CH30 - 
о 
CH30 
| x5 
CH30 ~ "o 


OCH3 : 
сњо“ 
OCH3 
CH30 
f. product OCH3 cree i ч 
їп (е) H30* | о 
“ 
MURUS S снҙО < “он 
ОН CH30 OCH3 
Two anomers of each monosaccharide are formed. 
26.70 
OH 
О Я 
HO ~ + Isomaltose must be composed of two glucose units 
HO isomaltose Gea loMer: in an a-glycosidic linkage. Because it is a reducing sugar 
OH it contains a hemiacetal. The free OH groups in the 
О hydrolysis products show where the two 
monosaccharides are joined. 
HO 2 
HO OH <— the hemiacetal 
OH 
[1] CH3I, Ад20 
[2] H30* 
5 PEUX 
CH30 CH30 AA (Both anomers are present.) 
CH30 CH30 
CH30 CH30 
26.71 
О 
HO CHOH T 
HO 1 
3 Нм о £ H HO 
О 
H NHCH2CgHs 
HO 9 OH H 
HO 
NH2 5 
О ~$ 
CH3 
NH 
; + LUE 
HO Ер 4 
1 О HO — CH; 
HO S О 
НО 
OH 
| | он i 
mannose glucose OH OH 
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26.72 
CHO 
HO——H 
a. rotate re-draw H —]— OH 
н— OH 
HO H 
СНз 
b. ОН on left in Fischer 
L-monosaccharide 
OH 
OH 
[e 
О он Ring НО он 
он — | 
SH flip. OH 
more stable chair The о anomer has the СНҙ on C5 
and the anomeric OH trans. 
c. Fucose is unusual because it is an L-monosaccharide and it contains a CH, group rather than 
a СН,ОН group on its terminal carbon. 
26.73 
снҙон 
=O 
"9 on HO H 
Би o OH H OH . 
OH H OH н— OH 
uo 9" uo?" н H—— OH 
CH30H 
p-fructose 
H CHO 
OH 
s о HO H Мт ОН 
b. он H cho = HoH 
OH OH 
OH OH H—— OH 
CH20H 
p-ribose 
CHO 
OH 
H—+— OH 
чо, HO H 
| оне == 
са H —]— OH 
H—+— OH 
OH 
CH30H 
D-glucose 
CHO 
OH H PE үш 
Н LL 
| HO ~ но ou CHO _ H OH 
HO OH но OH _ HO—]—H 
OH OH | нон 
CH50H 
L-glucose 
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26.74 
` } А:- 
Ignoring stereochemistry along the way: j 
HO H 
< Б Ў 
А но “NOH 
но Slee 
B a HO OH 
HO OH HO он 
- [4] 
ps 
" 
[5] 55 
k Он» O, он OH == 
HO 
HO OH OH 
[8] | -H20 
+20 О о +ОН 
D О [9] О 10 О 221» 
он + [10] 


NS OH :O OH 
HO со .. 
г H 
HO OH M HO OH HO :OH 


HO 


HO 
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Chapter 27 Amino Acids and Proteins 


Chapter Review 


Synthesis of amino acids (27.2) 
[1] From a-halo carboxylic acids by 5,2 reaction 


O о 
МНз 
R ee o R Е РИ 
он ух NH4 * Ма Вг 
(large excess) 
Br 5,2 NH2 


[2] By alkylation of diethyl acetamidomalonate 


H О О 
N [f] NaOEt HoN . . . 
b OEt oH же Alkylation works best with unhindered 
2] RX 
? o^ og 


| | H3O*, A R alkyl halides—that is, with СН,Х and 
3 , 


3 
RCH,X. 


[3] Strecker synthesis 


О NH2 В МНз 
ДС NH4CI H30 
л 322 7 OH 
R H R Б CN R ү 
Масм H H 
О 


а-атіпо nitrile 


Preparation of optically active amino acids 
[1] Resolution of enantiomers by forming diastereomers (27.3A) 
e Convert a racemic mixture of amino acids into a racemic mixture of N-acetyl amino acids 
[(S)- and (К)-СН,.СОМНСН(ЮСООН!. 
e React the enantiomers with a chiral amine to form a mixture of diastereomers. 
e Separate the diastereomers. 
e Regenerate the amino acids by protonation of the carboxylate salt and hydrolysis of the N-acetyl 


group. 
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[2] Kinetic resolution using enzymes (27.3B) 


Ac20 


Ac20 


(R) isomer 


enantiomers 


AcNH 


О 
TA 
R 
О 
AcNH 
OH 
R 


enantiomers 


[3] By enantioselective hydrogenation (27.4) 


О 


Асын 
| он № 
Rh* 


R 


О 


R^ 


S enantiomer 


Rh’ = chiral Rh hydrogenation catalyst 


Summary of methods used for peptide sequencing (27.6) 
e Complete hydrolysis of all amide bonds in a peptide gives the identity and amount of the individual 


amino acids. 


e Edman degradation identifies the N-terminal amino acid. Repeated Edman degradations can be 


ANH. s Il o 


acylase 
— 


acylase 
ЕЕ e a 


| 
H20,-0H Нз ee 


—————— 
О 
X 
H м Д 2 
3 о 
R 
(S) isomer 


о 


AcNH 
OH 


R 


recovered amide 
No reaction 


О 


used to sequence a peptide from the N-terminal end. 
Cleavage with carboxypeptidase identifies the C-terminal amino acid. 


Partial hydrolysis of a peptide forms smaller fragments that can be sequenced. Amino acid 
sequences common to smaller fragments can be used to determine the sequence of the complete 


peptide. 


e Selective cleavage of a peptide occurs with trypsin and chymotrypsin to identify the location of 


specific amino acids (Table 27.2). 


ж 
R 


S amino acid 


Adding and removing protecting groups for amino acids (27.7) 
[1] Protection of an amino group as a Boc derivative 


R 
OH 
Вос-М 
Н 
[9] 


R 
E о 
HN 
О 


(Вос)>О 
Et3N 


separate 


[2] Deprotection of a Boc-protected amino acid 


R 
CF3CO2H 
OH or 
Boc—N 
H НСІ or HBr 
[9] 


R 
+ о 
H3N 


О 
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[3] Protection of an amino group as an Fmoc derivative 


R О Е 
+ о + JU Ма2СОз OH 
H3N (7 о СІ Еос и 
О В Hae О 


[4] Deprotection of ап Fmoc-protected amino acid 


R R 
OH + о 
Етос— № Нам 
H 
N 
H 


[5] Protection of a carboxy group as an ester 


О о О О 
+ x үс- 
нк. АД -  CH3OH, H* нм. АД HN А p В > OH нм. А 
атыш қарашадан. ИИ OCH: Ка айе < СТО Bh 
= E E H* = 
В В R 
methyl ester benzyl ester 
[6] Deprotection of an ester group 
о О О о 
* 
нм. АД -OH нәм АД - нм. Д H20, “OH Han АД © 
7S SEA ЗОНЕ о о о ae EE, 5/3 о 
= H20 2 2 ог = 
R R R Ho, Pd-C R 
methyl ester benzyl ester 


Synthesis of dipeptides (27.7) 
[1] Amide formation with DCC 


R О 


О 
9H ч Bes N A 
Boc—N pe Ng оСссә 2-7 Boc—N : 0^ Ph 
О R О R 


[2] Four steps are needed to synthesize a dipeptide: 
a. Protect the amino group of one amino acid using a Boc or Fmoc group. 
b. Protect the carboxy group of the second amino acid using an ester. 
c. Form the amide bond with DCC. 
d. Remove both protecting groups in one or two reactions. 
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Summary of the Merrifield method of peptide synthesis (27.8) 

[1] Attach an Fmoc-protected amino acid to a polymer derived from polystyrene. 
[2] Remove the Fmoc protecting group. 

[3] Form the amide bond with a second Fmoc-protected amino acid using DCC. 
[4] Repeat steps [2] and [3]. 

[5] Remove the protecting group and detach the peptide from the polymer. 


La 


Practice Test on Chapter Review 


1.а. Which statement is true about the peptide Ala-Gly-Tyr-Phe? 
1. The N-terminal amino acid is Ala. 
2. The N-terminal amino acid is Phe. 
3. The peptide contains four peptide bonds. 
4. Statements (1) and (3) are true. 
5. Statements (2) and (3) are true. 


b. Which of the following peptides is hydrolyzed by trypsin? 
1. Glu-Ser-Gly-Arg 
2. Arg-Gln-Trp- Asp 
3. Glu- Val-Leu-Lys 
4. Peptides (1) and (2) are hydrolyzed. 
5. Peptides (1), (2), and (3) are all hydrolyzed. 


c. In which types of protein structure is hydrogen bonding observed? 
1. a-helix 
2. В-рІеаѓеа sheet 
3. 3? structure 
4. Hydrogen bonding is present in (1) and (2). 
5. Hydrogen bonding is present in (1), (2), and (3). 


2. Answer the following questions about peptides. 


* + + 
Нам iE S RE H3N 5 
У “од 
Ala Val Ser 


a. Draw the structure of the following tripeptide: Val-Ser-Ala. 
b. Give the three-letter abbreviation for the N-terminal amino acid. 
c. Give the three-letter abbreviation for the C-terminal amino acid. 
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3. Answer the following questions about the amino acid leucine (2-amino-4-methylpentanoic acid), 
which has рК '$ of 2.33 and 9.74 for its ionizable functional groups. 
a. Draw a Fischer projection for L-leucine and label the stereogenic center as К or S. 
b. What is the р/ of leucine? 
c. Draw the structure of the predominant form of leucine at its isoelectric point. 
d. Draw the structure of the predominant form of leucine at pH 10. 
e. Is leucine an acidic, basic, or neutral amino acid? 


4. What product is formed when the amino acid phenylalanine 15 treated with each reagent? 
a. PhCH,OH, Н“ d. (Вос),О 
b. Ас,О, pyridine e. СНМ=<С=5 
c. PhCOCI, pyridine 


5. Draw the amino acids and peptide fragments formed when the octapeptide 
Tyr-Gly-Ala-Lys-Val-Ser-Phe-Met is treated with each reagent or enzyme: 
a. chymotrypsin c. carboxypeptidase 
b. trypsin d. СН,.М-С-5 


Answers to Practice Test 


l.a.1 4 
b. 2 Ph О 
с.5 у о g OH 
2.a N, 


с 


уа! бег Ala H 
b. Val 
c. Ala " on 
3 a 5.a. Tyr, Gly-Ala-Lys- Val-Ser-Phe, Met 
Ph b. Tyr-Gly-Ala-Lys, Val-Ser-Phe-Met 
COOH о c. Tyr-Gly-Ala-Lys- Val-Ser-Phe, Met 
a. HN = d. y^^ о- d. Tyr, Gly-Ala-Lys-Val-Ser-Phe-Met 
CH2CH(CHs)> NH» 
b. 6.04 e. neutral 
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Answers to Problems 


27.1 
- О О - О О 
S Mee PUn. diss ВИ ка dnd. у 
5 о R о sx o RN o 
* NH *NH3 + NH3 + NH3 
L-isoleucine 
27.2 
о о о О О 
* NH3 * NH3 Мн; “мнз 


27.3 In ап amino acid, the electron-withdrawing carboxy group destabilizes the ammonium ion 
(-МН,?, making it more readily donate a proton; that is, it makes it a stronger acid. Also, the 
electron-withdrawing carboxy group removes electron density from the amino group (-NH,) of 
the conjugate base, making it a weaker base than a 1? amine, which has no electron-withdrawing 


group. 
I 
I o 
О 
но 1 о 
I *NHs 


zwitterionic form 


27.4 


27.5 Тһе most direct way to synthesize an o-amino acid is by 8,2 reaction of ап a-halo carboxylic 
acid with a large excess of NH.. 


о О о о 
МН " * == 
а. Жо 2 о мн c. OH NHs O NH; 
large excess NH 
Br 2 Br large excess NH2 
glycine 
phenylalanine 
О NH; О 
b. LR TUM z 
OH large excess О МНА 
Вг NH2 
isoleucine 
27.6 
[9] 


О 
CHsI = gas 
О Р Вг 
s а А alanine Cu Еа 4-7 dE XT. - isoleucine 
NH3 2 
ЕЛЕР 
P о 
b. ——M y^^ leucine 
“NH 


3 
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27.7 

о. „он О 

О 
[f] NaOEt 
N OEt HO OH 
H [2] СНҙ-О * NHs 
О [3] H30*, A 
serine 
27.8 
О О О о О 
= О 
| 2 B Y^ ° ye = ДД, қ ey, Cur 
ШІЛЕР * NH3 * NH3 H 
valine leucine phenylalanine 
27.9 
О О 
5; OH NH3 О мн." с. Т [1] NH4CI, МАСМ zu 
Br large excess NH2 [2] H30* 
+ NH3 
N [1] NaOEt y 
b. Sr Obi Ed ^Y он 17 NaOEt ноу os 
[2] (СА) СНС! [2] ВСЊ СОБЕ! 
iS) “NH3 О о “мн; 
о ОЕ [3] НзО*, A O^ '"OEt [3] НзО*, А 


27.10 А chiral amine must ђе used to resolve а racemic mixture of amino acids. 


NH2 L 
s E Б ГА! с. NH; d. 
achiral 


chiral 
achiral (can be used) 


chiral 
(can be used) 
27.11 
О 
5 z 
+ [9] Қ 
enantiomers 
* NH3 
To begin: 
: : А Асо 
Convert the amino acids into N-acetyl 
amino acids (two enantiomers). о 
5 
ii gH enantiomers 
AcNH 
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Step [1]: 


React both enantiomers with the 
R isomer of the chiral amine. 


HN CgHs 


proton transfer (R isomer only) 


О + 
НМ. R CeHs 


R С6Нь S 
y о- 


AcNH 


4 
Нам 


diastereomers 


These salts have the same configuration around one stereogenic center, 
but the opposite configuration about the other stereogenic center. 


Step [2]: 
Separate the diastereomers. 


Step [3]: 
Regenerate the amino acid 


by hydrolysis of the amide. 


| separate 
" * 
нам. СеНно 5 Нам. R- Сене 
Ha о- y 
AcNH 
H20, ОН H20, ОН 
О О 
_ + HN СєН5 
| T 5 bá 
NH2 NH2 
(R)-leucine (S)-leucine The chiral amine is 


also regenerated. 


The amino acids are now separated. ) 


27.12 
О О 
[1] (CH3CO)20 - 
OH > OH 
[2] acylase = 
NH; NH; HN we 
(mixture of enantiomers) (S)-leucine О 
N-acetyl-(R)-leucine 
27.13 
О 
О О 
Н МНАс | NHA 
Е с 
а О => s C. Нм Ade == 
H2N — 
NH3 H 9 "NH 
HO 3 H о 
НО 
О 
МНАс 
b о => = 
ЕЛЕР В а 
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27.14 Draw the peptide by joining adjacent СООН and NH, groups in amide bonds. 


amide 
о | о 
+ H 
Я НМ ? ° з О HN Я О ~<— C-terminal 
О E Z О 5 
N-terminal 
Val Glu 
o” ^o Q^ `o 
Val-Glu 


О о. 
Ж Е a H amide = 
b + O H3N ы з > + О + М y О 
ШЕН A ; о H3N Se HN i d N 
О 


= Д : H "ess 
NH o N-terminal o o C-terminal 
GI His Leu NH 
; | > | 5 
М М 
Gly-His-Leu 
OH 
> 
5 о о 
Я А ~ И 
+ О T О 
нх Нам | E HN HaN E 
О E О z 
M A T он 
Т 
id amide он 
amide 
"NB о о 
А КД 
F = 
N-terminal = Нам : N : O = ——C-erminal 
| он 
М-А-Т-Т amide 
27.15 
NH; HNA 
N 
oo О о ES о 
H JN M PN N 0 ЖАД 
а. 3 N о b. H3N | Ñ N 5 
5 Al = : Н 5 
T О оты. Е О = 
Arg-Asn-Val 1l 
NH R-N-V нм“ “о 
TS "NH 
H3N NH 3 
3 Lys-His—-GIn 
K-H-Q 
27.16 


=== 


О О О 
+ H 
ны. Ж д eee 
ом ЖТ N ИСО 
Е Н Н Е 
2 О о “г 
HO КТ leu-enkephalin 
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27.17 
O H coo 
© N + 
О H о O H О 
+ | 5 
а. Нам М = ~ S 
ің 9 о н о 
COO H о H-N мА 
N о 
glutathione Cod | o 
b. HS 
[9] H О 
* | The peptide bond beween glutamic acid and its adjacent 
H3N X N - amino acid (cysteine) is formed from the COOH in the R 
| o group of glutamic acid, not the о СООН. 
COO. H О 
а СОО” This comes from the amino acid glutamic acid. 
О 
H N 9 «—| This carboxy group is used to form the amide bond in the peptide, пої the 
3 о a СООН, as is usual. That's what makes glutathione's structure unusual. 
COO 
glutamic acid 
27.18 
О О 
C6H5, " CeHs .. К 
М М 
5 H S H 
from Ala from Val 


27.19 Determine the sequence of the octapeptide as in Sample Problem 27.2. Look for overlapping 


sequences in the fragments. 
common amino acids 


Answer: 
Ala—Leu-Tyr | 


Tyr-Leut-Val-Cys Ala-Leu-Tyr-Leu- Val-Cys-Gly-Glu 


Val—Cys4Gly—Glu 


27.20 Trypsin cleaves peptides at amide bonds with a carbonyl group from Arg and Lys. 
Chymotrypsin cleaves at amide bonds with a carbonyl group from Phe, Tyr, and Trp. 


a. [1] Gly-Ala-Phe-Leu-Lys + Ala 
[2] Phe- Tyr-Gly-Cys-Arg + Ser 
[3] Thr-Pro-Lys + Glu—His—Gly—Phe—Cys—Trp—Val—Val—Phe 
b. [1] Gly-Ala-Phe +  Leu-Lys-Ala 
[2] Phe + Tyr + Gly-Cys-Arg-Ser 
[3] Thr-Pro-Lys-Glu-His-Gly-Phe + Cys-Trp +  Val-Val-Phe 
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27.21 
Edman degradation gives the N-terminal 
amino acid: > Leu 
Carboxypeptidase identifies the C-terminal 
amino acid: - Leu Glu 
Partial hydrolysis 
common amino acids 
Ala-Ser-Arg 
Gly-Ala-Ser 
Gly-Ala-Ser-Arg ------ Leu-Gly-Ala-Ser-Arg- . —Glu 
or 
Leu- .— -Gly-Ala-Ser-Arg-Glu 


Cleavage by trypsin is after Arg and yields a dipeptide; 
therefore, this must be the peptide: > Leu-Gly-Ala-Ser-Arg-Phe-Glu 


27.22 Тһе dipeptide depicted in the 3-D model has alanine as the N-terminal amino acid and cysteine 
as the C-terminal amino acid. 


Б 8 HS SH 
* Вос20 Н Е HO pre Ph 
H3N E >  Boc—N + О о Ph 
о EtN - OH H3N Ht H3N М 
el = О О 
А!а А Cys B 
HS HS 
О О 
H ol DCC H 
Boc—N О Рћ Вос— М [9] Ph 
О “он + нм wet YN р 
= О = О 
А B 


НВг, СНСООН 


HS 
» О 
H3N [9] 
oi N 
2 H 
= О 
Ala—Cys 


Chapter 27-12 


27.23 
а m О 
Boc20 + [N 
К о 2 OH | H3N 2 e : HO Ph -— 
Нам Вос-М 3 О Fe Oo" ph 
Et3N 1 H* z 
Leu 0 9) жы. „^ч. 
Ма! 
new amide bond 
О О 
DCC H 
НМ — > N 
бассаң OH За S Вос-М Бе udin 
H = H = 
О ЖТ 5 AM 
| HBr, СНСООН 
О 
N ЖЕР с 
+ М i 
H3N : О Leu-Val 
9 P & 
-  Boc;O OH N iod о 
+ О 2 Нам % НО” ^Ph Нм 
b. HaN Boc—N AES ДЫ пао d. OTS Bh 
Et9N |. S E H* 
О = E 
new amide bond 
DCC 
о i | TEN 4 МЕ 
М 
Boc—N Е B^ pg PAC ВОН : OH 
О „^ч О p 
i : 
+ “ы. 
H3N ec idi = НО Ph H-N ү 
о = Oo” Ph 
H 
Gly 
new amide bond 
I DCC H | | i 
+ HN сн НД: О Ph —————- 
? v MEL — и "un d хыр сн;соон 
H i H A 
о ^ 
н О 
5 
Ala-Ile-Gly HAN dee N Же N dias 
i H 
Qc „ч 9 
27.24 


АП Fmoc-protected amino acids are made by the following general reaction: 


R R 


Т У ~ о Етос-СІ он 
E Na2CO3, О а 


О О 
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The steps: 
oH [1] base 
Е О POLYMER 
Fmoc — М = > 
"d [2] СІ POLYMER Ғтос NW 
о О 
Fmoc-Gly | ПІ С 
N о 
Н 
[2] DCC Fmoc—N Leg 
: он 
Pau 
m [1] К Етос-Пе 
H N H 
Fmoc—N N " O, POLYMER H Fmoc— М O. POLYMER 
H i H [2] DCC | H 
Өз o x + Ep О 
OH 
| Ш б носа 
М 
H Fmoc-Leu о 
[2] DCC AL at 
Fmoc—N 
H 
Fmoc-Ala О Ш C 


N 
о О H О О 
H [2] HF t H = 
Fmoc—N Д MER О i М 9 
POLYMER 
: N N nOr мж ч М : NW 
2 H Б H = H A i e 
o м o Pd 


Ala-Leu-Ile-Gly 


* и POLYMER 


27.25 a. Met-Gly-Leu-Phe-Phe-Gln-Ala has no charged functional groups and по OH groups in the 
side chains, so it exhibits predominately van der Waals interactions in the side chains. 
b. Phe-Asn-Leu-Leu-Met exhibits predominately van der Waals forces for the same reason. 


27.26 a. The К group for glycine is a hydrogen. The В groups must be small to allow the 6-pleated 
sheets to stack on top of each other. With large R groups, steric hindrance prevents stacking. 
b. Silk fibers are water insoluble because most of the polar functional groups are in the interior of 
the stacked sheets. The 8-pleated sheets are stacked one on top of another, so few polar 
functional groups are available for hydrogen bonding to water. 
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27.27 
CH3OH, H* 
P OCH3 
A о 2 NaOH (1 equiv) _ 
H3N О ар О 
О 
О " О 
phenylalanine р. CH3COCI, pyridine E p OH 
О 
І | e. СсН5М-С-5 М 
ы VS N 
c, _ НС (1 equiv) H 
НЫ. + он 
Нам Г 
О 
27.28 
а. N-terminal amino acid: alanine c. Amide bonds are bold (not wedges). 
C-terminal amino acid: serine C-terminal 
b. А-О-С-5 8 SH o 
H » 
+ МА HAS 
H3N Н М = 
Е Н = 
| | Ей | 7 
N-terminal О NH; 


Ala-GIn-Cys-Ser 
A-Q-C-S 


27.29 The dipeptide is composed of phenylalanine and leucine. 


А 
. BocO |. Rees Hos ^ ие Е 
+ о Е 2 t 
Нам ІЗІ Boc—N ny H 
о 
Рһе 


DCC ~ 
(А): ———- ^^ Boc—N Ap 
H ~CH;COOH H-N fi 
ү | 


27.30 Translate the ball-and-stick model (о a skeletal structure and then write out the steps LN the 


Phe-Leu 


Merrifield method. 
о о 
НМ РІН N А - 
ЕН CY : 9 
AON О EN n 


О 


The steps: 
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О 


Н 
Fmoc—N 


он 


Fmoc-Ser 


Make all the Fmoc derivatives 
as in Problem 27.24. 


о О 
H А Z0 
Етос-М Өр қ N e У (0) POLYMER 
Д Н Б 
О 


ы “он 
БӨ 
М 
Н 
[2] HF 
о о 
N А 
Wh Aye У о 
Ен 5 
„Лх. “он 
+ FLU POLYMER 
27.31 
о О 
R А Мад 5 
a. HS о нв “Хо 
+ += 
NH3 NH3 


(R)-penicillamine (S)-penicillamine 


27.32 The electron pair on the N atom not part of 
ring, making it less basic. 


О 
x ary 
№ + 


“М 
NH NH3 


When this М is protonated... 


О 
wry 
\ мн *NH3 preferred 
path 


When this М is protonated... 


Fmoc — Қ wk [1] base 
OH 


[2] Cl. POLYMER 


— 


que POLYMER 


2] DCC к Foe 


gusto oe ~~ POLYMER 


OH 


Fmoc 


du 


O 
AX 
+ 

NH3 


a double bond is delocalized on the five-membered 


“NOS 
‘ae М 


Hs 


d hybridized N atom 


..the ring is no longer aromatic. 


np 
SAT 


NH 


..Аһе ring is still aromatic. 
6 x electrons 
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О О 
о о 
|. == |. 
HN МНз H3N NH3 
} 


no p orbital оп М 


27.33 


The ring structure on tryptophan is aromatic because each 
atom contains a p orbital. Protonation of the N atom would 
disrupt the aromaticity, making this a less favorable reaction. 


This electron pair is delocalized on the bicyclic ring 
system (giving it 10 л electrons), making it less 
available for donation, and thus less basic. 


27.34 At its isoelectric point, each amino acid is neutral. 


NH3 NH3 О МНз NH2 
alanine methionine aspartic acid lysine 
27.35 
a. threonine b. methionine c. aspartic acid d. arginine 
р1= 5.06 pl = 5.74 pl = 2.98 pl = 5.41 
(+1) charge at pH =1 (+1) charge at pH =1 (+1) charge at pH 7 1 (*2) charge at pH =1 
* 
OH О О О NH2 О 
5 НО 
он us OH y^y Сен Нм А үлү сө 
+ + + H * 
МНз МНз О МНз МНз 
27.36 
а. мапе b. proline c. glutamic acid d. lysine 
pl = 6.00 pI = 6.30 pl = 3.08 pl = 9.74 
(-1) charge (-1) сһагде (-2) сһагде (-1) сһагде 
at pH = 11 at pH = 1 at pH = 1 at pH = 1 
О О О О О 
Y _ _ H2N - 
О о о О О 
NH2 NH NH2 NH2 


27.37 The terminal NH, and COOH groups are ionizable functional groups, so they can gain or lose 
protons in aqueous solution. 


0 О 
Н 
= № eu OH A-A-A 
а. O + HN : М 
*NH3 О = О 
Міа (drawn with all uncharged atoms) 
b. AtpH=1 7 о 
H3N : 
3 E H 
О Е о 


27.38 


27.39 


27.40 
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c. The pK, of the COOH of the tripeptide is higher than the pK, of the COOH group of alanine, 
making it less acidic. This occurs because the COOH group in the tripeptide is farther away 
from the -NH,' group. The positively charged -NH,' group stabilizes the negatively charged 
carboxylate anion of alanine more than the carboxylate anion of the tripeptide because it is so 
much closer іп alanine. The opposite effect is observed with the ionization of ће -NH,' 
group. In alanine, the -NH,' is closer to the COO group, so it is more difficult to lose a 
proton, resulting in a higher рК. In the tripeptide, the -NH, is farther away from the COO, 
so it is less affected by its presence. 


excess “ы 
| [1] NaOEt мн; 
b. N 
И ОЕ OH 
| Ri GO. 


О МН + NH4'Br- 


О OEt 
3] НзО*, A 
О О О 
e [1] NH4CI, NaCN 
~ H - 
о [2 H30* HO OH 
О “мнз 
H О 
| + 
д. М 11 NaOEt МНз 
bs OEt У 
о 2] Cl ытты НМ xi 
о он МНАс 
3] НзО*, А o 
О 
H3N ы НМ 
а. Asn 2 үү — < к Ойы; с. Trp 2 == 
+ о Вг 
о NH3 О + | 
NH 
О НМ 3 HN 
Tus S > 
b. His Үз ^Y == N Вг 
А мн мн: \ NH 
( S О он 
OEt 
1] NaOEt 
HN Qu эш, ag 
OEt [2] СНҘСНО " 
* МНз 
9 [3] H30*, A 
threonine 
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27.41 
о О 
о о 
Br? CrO3 NH3 H-N 
er Д в Д, о Нз = 
a Н CH,CO;H H — H5SO4 H20 OH excess 2 
Зе 254,72 glycine 
о 
о [f] NH4CI, NaCN 
b. ik - он 
һе E 
H [2] H3O МНз 
alanine 
27.42 
О 
о о N-K* о о 
Вг ОЕ 
OEt Вг; ОЕ! © COM. 
CH3COOH 
о” “ов 02 ов ОБ: 
в 0 [9] 
A 
[1] NaOEt 
ІРІ о 
о o 
о OEt 
& [1] NaOH, H20 N 
я он + он 
: [2] 680", А 
МНз о/о 
D S 
ё N 
277.43 
OEt ie 
о 
АП 0 Bore om A) Mii ке: езе 
М« ds 
ibd OEt — NaOEt p OEt To ABOH 
N 
О H 
02 ов О 


О | [3] 


EtO 
OH 

О 

H3O* H 

e N 

à "Y 
о OH О 

О о 


ОЕ 
glutamic acid Et 


+ H20 
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27.44 


СОЕ СОЕ 
С^ 1] DIBAL-H РИЗР=СНСО> ЕЕ SS 2 Hl (Y 2 
Ф 
Pd-C N 


N^ (* cis isomer) 


м. 5 
ü N CO>H 
ig N H^ "Boc x Е 
OCH; + | 
DCC N^ 
N 
О Вос ^H р 


27.45 
she о о NT 
H = В 
He do ИК ee е р 
Нам мр H Н 
d H Ц Na2CO3, НО ^u iS О 
pw a 
H3O* + | = 
b eke + OH + HN АД t + OH 
Нам Nn Нам он нам ~ 
О О 
О 
осу o x< 
B С5Н5 ~ * т т 
i А An СеНБМС5 Д, + нам. ы СО 
: NI : voy 
: ҮСҮ j-w H 
О О 5 О 
о ^v d о ^ 
H = _ CH3OH, Н Н = 
HN үү? HN TED аи з 
H H 
О О О О 
27.46 
CH30 CH30 7 
С) Ta. 20 А enantiomers 
R isomer 5 isomer 
proton 
transfer 
HO3S О 
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CH30 


-29 СІ 
T 
S 


diastereomers 


separate 


| 


= Ж 


27.47 


То Бедіп: 


Convert the amino acids into amino 
acid esters (two enantiomers). 


Step [1]: 


React both enantiomers with the 
R isomer of mandelic acid. 


OH 
RO 


О 


proton transfer 


о 


nist 
Нам d 
7 o 


| 


CH30 


e? а 
и 
5 


- 035 9) 


5 HO3S о 


S isomer 


regenerated. 


Y 


О 
" 
d > ; 
O  enantiomers 


снаон, Н" 


О 
НМ. R ж 
О enantiomers 


OH 
(R)-mandelic acid 


О 

Я 
H3N R 22 
o diastereomers 


OH 
сүү 
OH 
И 
R 
CY 


These salts have the same configuration around one stereogenic center, 
but the opposite configuration about the other stereogenic center. 


The chiral sulfonic acid is 
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Step [2]: | 
separate 
Separate the diastereomers. | 
OH OH 
_ О О 
Nue H Ns S H N R 
ж Р ж 
PARU INO У о 
О = о 


H20, "ОН 


Step [3]: 
Regenerate the amino acids 
by hydrolysis of the esters. OH 

9 Э он 


M 
HN s IL - H2N R z 
| О о О 


Тһе chiral acid is 
regenerated. 


27.48 


enantiomers 


To begin: 
Ac3O 


О 
OH , 
AcNH 
5 


proton transfer 


Convert the amino acids into N-acetyl 
amino acids (two enantiomers). 


enantiomers 


CH30 


Step [1]: 
React both enantiomers with the brucine 


R isomer of the chiral amine. 


CH30 
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diastereomers 


Step [2]: separate 
Separate the diastereomers. | 


О CH30 


Step [3]: H20, OH 
Regenerate the amino acid 
by hydrolysis of the amide. О 
e 
NH; 
(S)-phenylalanine (R)-phenylalanine 


The amino acids are now separated. ) The chiral amine is 


also regenerated. 


27.49 
О Жб О О 
T C2 + 
a. HN 2 p, Arase ны. АД А-а АСМН 
[e ОСО он 
PM 
racemic mixture 
[9] 
b. OH О 
= H n Д - | 
МНАс H2 “ОН : У О (S)-isomer 
\ > > = 
N chiral H20 
H Rh catalyst 
27.50 
H CH30 COOH “TX, 
2 ` strong al 
chiral H „N acid Н мн, 
Rh catalyst О H Y He s 
p $ L-dopa 
27.51 
О 
Н 
а p, 9 b + А E 
a М.Д нм “үс E x 
Нам : o- О Е 
О = 
Phe-Ala Су-бт НМ О 
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H3N 0 а HN N 
с. . 
Нам | A о X. ТЕ 
© оны : о 
I i 
Lys-Gl 
узчу su у NH 
2 
N 
27.52 Amide bonds are bold lines (not wedges). The structure is drawn with all uncharged atoms. 
о C-terminal 


HO О 9 | 
H 
АТА 
à N = 
H2N H НЕ ЈЕ ox 
О 


N-terminal 4 OH 


Asp-Arg-Val-Tyr 
D-R-V-Y 


27.53 Name a peptide from the N-terminal to the C-terminal end. 


О О 
C-terminal Е | 
| О о N-terminal 
о Тед 
- М МН 
* N О Н 
H3N и М 
É Ш | N О 
Eno 


HN Ala-Gly-Arg 
а + ks A-G-R 
Gly-Asp-Glu H2N NH2 


G-D-E 

27.54 The unusual features of gramicidin S are the presence of the uncommon enantiomer of 
phenylalanine (D-Phe) in the molecule, as well as the presence of an uncommon amino acid, 
labeled X. 


I 


Amino acids: 


О 
ne, NH2 * NH3 
N 
о n 41 HN Val 
T О 


Leu —- NH о о О 
HN S 
NH о 
о о HN = Leu МН, 
NH HN \ О Рю 
М 
H2N О 
? о 
| | -——— р-Рће 2 Е 
H3N О 
X Val Pro * NH; 
x 
gramicidin S 
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27.55 
Tyr-Gly-Gly-Phe-Leu-Arg-Arg-Tle-Arg-Pro-Lys-Leu-Lys 
A 
h t i 
сере. Туг + Gly-Gly-Phe + Leu-Arg-Arg-Ile—Arg-Pro-Lys-Leu-Lys 
trypsin 
b. А Tyr-Gly-Gly-Phe-Leu-Arg % Arg * Ile-Arg % Pro-Lys * Leu-Lys 
carboxypeptidase 
c. И JTyr-Gly-Gly-Phe-Leu-Arg-Arg-Ile-Arg-Pro-Lys-Leu + Lys 
О 
+  Gly-Gly-Phe-Leu-Arg-Arg-Tle—Arg-Pro-Lys-Leu-Lys 
СвНьМС$ ) 
d. NH 
S OH 
27.56 
HN NH2 
bi он 
МН 
NA 
NH 
M 
О О О 
H H T OH 
НМ, нд М М H 
E N B N Е М М М 
О О AM о а № 5 М 
о H О X y 
OH N 
angiotensin | H 
Three-letter abbreviation: Asp-Arg- Val-Tyr-Tle—His-Pro-Phe-His-Leu 
a. Trypsin cleavage products: Asp—Arg + Val—Tyr—Ile—His—Pro—Phe—His—Leu 
b. Chymotrypsin cleavage products: Asp-Arg- Val- Tyr + Ile-His-Pro-Phe + His—Leu 
c. ACE cleavage products: Asp—Arg—Val—Tyr—Ile—His—Pro—Phe (angiotensin 1) + His-Leu 
27,57 


common amino acids 


а. ву Ма | Answer: 


AladHis — Gly-Ala-His-Tyr 


His-Tyr 


common amino acids 


A 5 
b. Lys4His | Ја 


His}-Gly—Glu > Lys-His-Gly-Glu-Phe 


Gly-Glu4Phe 
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27.58 To sequence a peptide of this length, look for overlapping sequences of the fragments formed 
when the peptide is treated with enzymes. It is best to start with the cleavage products that have 
the largest number of amino acids. Then recall that chymotrypsin cleaves amide bonds with a 
carbonyl group from Phe, Tyr, or Trp whereas trypsin cleaves amide bonds with a carbonyl 
group from Arg or Lys. The sequence of amino acids in glucagon as well as the cleavage sites is 


shown. 
Trypsin cleavage sites 


HisSerGInGlyThrPheThrSerAspTyrSerLysTyrLeuAspSerArgArgAlaGInAspPheValGInTrpLeuMetAsnThr 


chymotrysin cleavage sites 


27.59 Gly is the N-terminal amino acid (from Edman degradation), and Leu is the C-terminal amino 
acid (from treatment with carboxypeptidase). Partial hydrolysis gives the rest of the sequence. 


common amino acids 


| Answer: 
Gly—Ala+Phe-His 


— 


Phe-HisttIle Gly-Gly-Ala-Phe-His-Ile-His-Leu 


Ile--His-Leu 


27.60 Edman degradation data give the N-terminal amino acid for the octapeptide and all smaller 
peptides. 
B 
A A 


1 с j D Ra № 


А: Сіш-Аго-Уа!-Туг 


octapeptide — — ——- 


27.61 


ЕЗМ 


с. product in (а) + product іп (b) 


сш меуі Tyr-Ile-Leu-His-Phe 


cleavage with 


trypsin cleavage with 


chymotrypsin 


carboxypeptidase 


B: Ile-Leu-His-Phe 
C: Glu-Arg 
D: Val- Tyr 


Glu-Arg-Val-Tyr-Ile-Leu-His + Phe 
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О 
а 9) N. А РЕЧ Нә 
о Ph 
OK T E Pd-C 
v 


А CF3COOH 
e. product in (d) ee 


О 
В 

ЕТЕР ШЕ 
3 | о 


ou 


+ Етос-СІ 


27.62 
- Вос20 
D О Вос OH 
a H3N ES 
> D 
О 
рсс Н 
n: (в) — — Вос N 
(4) D м Oo” Ph 
H : 
О = 
b Вос20 
+ о Вос 
H3N ЕМ 7ң БА 
О о 
Пе (А) 
О 
DCC H 
(8) ——= в М 
^N Oo” Ph 
H Е 
О = 
" o Но Ph 
H3N F нм ӨР 
о 
Рһе o 


9 ZO 0 
ным МЕ па ERR HoN -— 
< PO ? 0^ "Ph 
5 H* 2 
о 
CH3COOH НМ Ж у 
О 2 
Gly-Ala 
О О 
+ ZO 
H3N 9.9 = "HOT. PR Hn NE 
5 о 2 ; о“ Ph 


HBr 
CH3COOH 


pu | 
H - 
қ 5 
HN N 
7 H 
О 


о 
= О 


Ile-Ala-Phe 
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27.63 Make all the Fmoc derivatives as described in Problem 27.24. 


а З [1] base 
| moc, OH a Fmoc О POLYMER 
N 2 ~ V 
Н [2] СІ. POLYMER % 
О О 
(Етос-Рһе) [1] б © 


М H 
„М 
Етос г OH 


[2] DCC i 


(Fmoc-Phe) G 
те 


Е 4 | М 
moc, А М 
N О. _ POLYMER 
H - М еді [2] DCC + Fmoc^ 
О S О 


е 


O. POLYMER 
О 


Етос ^N OH 

1 
[1] 6 

N (Fmoc-Leu) 
[2] DCC 

(Fmoc-Ala) 
Fmoc.. T OH 
у H 
9 [n 
N 
О б H 2 o О 
4 H [2] HF нм. АД N - 
^N д ыы N N О 
Етос : N N о POLYMER E H H N 
E а Н - О = 
О О О 
ре Ala—Leu—Phe—Phe 
+ 
К POLYMER 
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b [1] base 
. Fmoc.. OH = О POLYMER 
N [2] СІ. POLYMER Fmoc—N ndi 


H 
О О 
(Етос-Пе) [1] 
М 
Н 


(Fmoc-Ala) 


Y 
16 
О 


О М H 
Fmoc.. О POLYMER " М ДК О POLYMER 
оаа “ж [2] DCC + Fmoc Е М “ж 
О 5 о Fmoc .. OH 
NW 
H 
О 
m AO (Fmoc-Gly) 


N 
H 
рсе Етос || он 
Н (Fmoc-Phe) 


О 
О о [1] С] o о 
а ES д N Қар ua N ҚҰ? ІЗ Й 
Етос ; NY | " O. POLYMER |  H.— 5 Non ; * О 
Е = H 2]HF 2 Е H 
o - О [2] о = О 
Рһе-Сіу-Аіа-Ше 

27.64 


+ Б. „РОГҮМЕВ 
a. A p-nitrophenyl ester activates the carboxy group of the first amino acid to amide formation by 
converting the OH group into a good leaving group, the p-nitrophenoxide group, which is highly 
resonance stabilized. In this case the electron-withdrawing NO, group further stabilizes the leaving 


group. 


30 \ / NO; -—- 4-4 ү мо; ~ -6- ) NO; = -2-< > МО 


p-nitrophenoxide | 


The negative charge is delocalized 
on the О atom of the МО» group. 


b. The p-methoxyphenyl ester contains an electron-donating OCH, group, making CH,OC,H,O a 
poorer leaving group than NO,C,H,O,, so this ester does not activate the amino acid to amide 


formation as much. 
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27.65 


ә) 


x С) 
Fmoc-protected amino acid ч 


H2 


» 


proton 
transfer 


R 
+ о 
Нам Же Ы С) 
М 
О H 


27.66 Amino acids commonly found in the interior of a globular protein have nonpolar or weakly polar 
side chains: isoleucine and phenylalanine. Amino acids commonly found on the surface have 
СООН, МН,, and other groups that can hydrogen bond to water: aspartic acid, lysine, arginine, 
and glutamic acid. 


27.67 
a. VLLFGEDEK b. RKYSFLGAA 
YS —— и 
hydrocarbon charged side chains OH groups or hydrocarbon 
side chains hydrophilic charged side side chains 
hydrophobic chains hydrophobic 
hydrophilic 


27.68 The proline residues on collagen are hydroxylated to increase hydrogen-bonding interactions. 


iu. ; o iue ; 


The new OH group allows more hydrogen-bonding interactions 
ОН — between the chains of the triple helix, thus stabilizing it. 


27.69 
[9] [9] О О 
zt Br? CrO3 NH3 
H сњсоон H Н;504,Н;О OH excess о 
Вг Вг Мн 
A [f] NH4CI, NaCN о valine 
+ (Racemic valine and leucine are formed as products, 
Кро он but the synthesis of the tripeptide is drawn with one 
МН, enantiomer only.) 
leucine 
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m P О 
F 
3 zum H3N -— a aa i H2N ee aN 
N О "Lu Вос OH : o о Ph 
H3N Et3N N 2 H* H 


H es 
E т 
valine (^) 
| CgH5CH20H, Н" leucine 


H е о 
Н 

DCC N P H2 N A 

ш (8) — >  Boc—N : о Pho ~~ = 
(a) (в) Н H Pd.C Boc-NH - OH 

О Pd о Bd 
О О 
B N DCC А 
ос 
~ он Boc, N Е Т о Ph 


HBr 
CH3COOH 


О 
H >, 
* N we О Val-Leu-Val 
H3N : N 
ы Н 
[9] bd О 


27.70 This reaction is similar to the reaction of penicillin with the glycopeptide transpeptidase enzyme 
discussed in Section 20.13. Serine has a nucleophilic OH, which can open the strained -lactone 
to form a covalently bound, inactive enzyme. 


HO ^v Enzyme 


,NHCHO 
О from serine residue 
О o ос 
orlistat 


Three operations occur: nucleophilic addition; 
loss of the alkoxide leaving group; proton transfer. 


.,NHCHO 


О О OH О ^v Enzyme 
“чы ыу а ы ORE 
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27.71 
és H 
: но 5 12% Vos 
07 Ne Eu Он Н-0::0н HO 5:ÓH 
S мера proton 52 
par „ойна Se) ee ИЕ: 
CeHs ~ Ка N CcHs ~ Ке N CeHs ~ 4 М transfer Соны NA N 
N H N H N H | H 
thiazolinone H 
H20 | 
Ao de Е MA si 
:0-H Он» н :ӧН но? :ӧн 
2 CeHs., .. ДУ CeHs., .. бн proton CeHs., | бн 5 
HO + N | XR C аа Сон НА шз pu 
20 в = R R ple ose СЕ 
Ay M transfer .. М H 
N S N S N | 
5 Н H H H 
20: 
CeHs, .. 
PT а 
B^ N 


N-phenylthiohydantoin 
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Chapter 28 Synthetic Polymers 


Chapter Review 


Chain-growth polymers—Addition polymers 
[1] Chain-growth polymers with alkene starting materials (28.2) 


e General reaction: 


22% 2 initiator PY VV 


2 2 2 2 


ө Mechanism—three possibilities, depending on the identity of 2: 


Type Identity of Z Initiator Comments 
[1] radical Z stabilizes a radical. A source of Termination occurs by 
polymerization | Z = R, Ph, СІ, etc. radicals (ROOR) | radical coupling or 


disproportionation. Chain 
branching occurs. 


[2] cationic Z stabilizes а carbocation. | Н-А or a Lewis | Termination occurs by loss 
polymerization | Z = R, Ph, OR, etc. acid (BF, + of a proton. 
H,O) 
[3] anionic Z stabilizes a carbanion. An organo- Termination occurs only 
polymerization | Z 2 Ph, COOR, COR, lithium reagent when an acid or other 
CN, etc. (R-Li) electrophile is added. 


[2] Chain-growth polymers with epoxide starting materials (28.3) 


; R e The mechanism 15 5,2. 
ve 9-3 e Ring opening occurs at the less substituted 
R carbon of the epoxide. 


О -OH 


EA 


R 
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Examples of step-growth polymers—Condensation polymers (28.6) 


Polyamides 


о 
пуіоп 6 


Н yy 
\ / 
nl \ м 


Polyesters 
К О О 
© 2 C A ( 


дли 


polyethylene terephthalate 


ДА 


о — 
=: \ 
JA FS | 
vy О 
copolymer of 
Kevlar glycolic and lactic acids 
Polyurethanes Polycarbonates 


h^ с y^ 


a polyurethane 


Structure and properties 


ДОДА 


Lexan 


Polymers prepared from monomers having the general structure CH,=CHZ can be isotactic, 
syndiotactic, or atactic, depending on the identity of Z and the method of preparation (28.4). 
Ziegler-Natta catalysts form polymers without significant branching. Polymers can be 
isotactic, syndiotactic, or atactic, depending on the catalyst. Polymers prepared from 1,3-Шепев 
have the E or Z configuration, depending on the monomer (28.4, 28.5). 

Most polymers contain ordered crystalline regions and less ordered amorphous regions (28.7). 
The greater the crystallinity, the harder the polymer. 

Elastomers are polymers that stretch and can return to their original shape (28.5). 
Thermoplastics are polymers that can be molded, shaped, and cooled such that the new form is 
preserved (28.7). 

Thermosetting polymers are composed of complex networks of covalent bonds, so they cannot 
be melted to form a liquid phase (28.7). 


Practice Test on Chapter Review 


l.a. Which of the following statements is (are) true about chain-growth polymers? 


1. The reaction mechanism involves initiation, propagation, and termination. 
2. The reaction may occur with anionic, cationic, or radical intermediates. 

3. Epoxides can serve as monomers. 

4. Statements (1) and (2) are both true. 

5. Statements (1), (2), and (3) are all true. 
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b. Which of the following alkenes is likely to undergo anionic polymerization? 
1.СН,-СНСО,СН, 
2. СН,-СНОСН, 
3. СН,-СНСН,СО,СН, 
4. Both (1) апа (2) will react. 
5. Compounds (1), (2), and (3) will all react. 


c. Which of the following compounds can serve as an initiator in cationic polymerization? 
1. butyllithium 
2. (CH),COOC(CH,), 
3. BF, 
4. Both (1) and (2) can serve as initiators. 
5. Compounds (1), (2), and (3) can all serve as initiators. 


d. Which of the following statements is (are) true about step-growth polymers? 
1. A small molecule such as H,O or HCl is extruded during synthesis. 
2. Polycarbonates are an example of a step-growth polymer. 
3. Step-growth polymers are also called addition polymers. 
4. Statements (1) and (2) are both true. 
5. Statements (1), (2), and (3) are all true. 


2. Label each statement as True (T) or False (F). 

a. A polyester is the most easily recycled polymer. 

b. Natural rubber is a polymer of repeating isoprene units in which all double bonds have the E 
configuration. 

c. A syndiotactic polymer has all Z groups bonded to the polymer chain on the same side. 

d. A polyether can be formed by anionic polymerization of an epoxide. 

e. An epoxy resin is a chain-growth polymer. 

f. A branched polymer is more amorphous, giving it a higher Т. 

g. Polystyrene is a thermoplastic that can be melted and molded in shapes that are retained when the 
polymer is cooled. 

h. A polyurethane is a condensation polymer. 

1. Ziegler- Natta catalysts are used to form highly branched chain-growth polymers. 

j. Using a feedstock from a renewable source is one method of green polymer synthesis. 


3. What monomer(s) are needed to synthesize each polymer? 


à etes У Бур 


о 
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Е СЕ CIF СІ 
COCH; . CO;CHs 


d. S 


Answers to Practice Test 


1.а. 5 2.a. T f. F 3. 
b. 1 b. F g.T E 
c. 3 c. F h. T oe 
d.4 d.T i. F 7 L о 
e. F j. T с a 


Answers to Problems 


28.1 Place brackets around the repeating unit that creates the polymer. 
а із IT 


poly(vinyl chloride) 


О Н О 
| : ; 
О Н о 


пуіоп 6,6 | 


T | 
М 
N 
H О 
п 


28.2 Draw each polymer formed by chain-growth polymerization. 


сі Сісі Сісі СІ 


a. = — pO b. A7 оснз = 


; 
91916 


OCH; ОСН; ОСН: 
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OCH3 ОСН; OCH3 | | | 

en m Ad АДА NE 
~ 7 vc XXX 

о : 


28.3 Draw each polymer formed by radical polymerization. 


CN, CN, CN 


N N N 
ре T ли = 
~ MA pL] 


28.4 Radical polymerization forms a long chain of polystyrene with phenyl groups bonded to every 
other carbon. To form branches on this polystyrene chain, a radical on a second polymer chain 
abstracts a H atom. Abstraction of H, forms a resonance-stabilized radical A'. The 2? radical B' 
(without added resonance stabilization) is formed by abstraction of H,. Abstraction of H, is 
favored, therefore, and this radical goes on to form products with 4? C's (A). 


Ph 
n зе 
Рћ ; SN Z pn ; 472 : 
—— — P 5555. В —— 
Hp abstraction of Hp Ph Ph Ph Ph Ph Ph 


AN B 
RO: = A 2° radical 
e Ph 
A Ph : mi no resonance stabilization are 
Ж- | 
г = Е > a ae ae Рт 
abstraction of Ha 8 


AN Ph Ph Ph 
resonance-stabilized favored 
benzylic radical А 


мї NUES 
шы Рһ < 7 A 
N A 


28.5 Сайопіс polymerization proceeds via a carbocation intermediate. Substrates that form more 
stable 3? carbocations react more readily in these polymerization reactions than substrates that 
form less stable 1° carbocations. СН,-С(СН,), will form a more substituted carbocation than 


CH,-CH, 


mE 3% carbocation ~ $4 7. t carbocation 
в A 
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28.6 Сайопіс polymerization occurs with alkene monomers having substituents that can stabilize 
carbocations, such as alkyl groups and other electron-donor groups. Anionic polymerization 
occurs with alkene monomers having substituents that can stabilize a negative charge, such as 
COR, COOR, or CN. 


ЕТІ we па < ЕЕ 
Y | | | 


electron-withdrawing group alkyl group an electron-donating electron-withdrawing group 
anionic polymerization cationic polymerization resonance effect anionic polymerization 
cationic polymerization 


o 


28.7 


ПР 
О О 
2-осїу! суапоасгу!аїе TE в 


Dermabond 
28.8 Styrene (CH,=CHPh) can by polymerized by all three methods of chain-growth polymerization 


because a benzene ring can stabilize a radical, a carbocation, or a carbanion by resonance 
delocalization. 


ооосе 


28.0 Draw the copolymers formed in each reaction. 


а. eh * Z^ CN — 
Ph CN 
n 
F FF 
b. se os ў Ж. —————- 
F FCF; F F 


n 


28.10 
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28.11 
О 
о о OH HO о 
а — но Ё о en — о он 
A b. 
n 
n 
28.12 
CI CI CI © Е e E e E 
; SS EN ы ; ; ; 
neoprene E configuration of each double bond 
All double bonds have the Z configuration. 
1 1 
al Two higher priority groups (1's) 
are on the same side of the 
ллл^ CH2 H double bond -> Z configuration. 
2 2 
28.13 
f i: 
RO-- OR 2 RO: + === — > ғ“ гу 
Su. 
; жұ NNA 
; oN \ ЫА = 
A The resonance-stabilized radical can 
react at two carbons. 
SN 
i SS ; 
B 
28.14 
О О О О н 
М 
НО OH НМ қағы и NE RUE SQ SUA х 
а F 2 NH2 > i | i 
H 
О О О 
у ix Pu => P NUUS ЕГЕ 
b E HO NH; 8 N ve 
H H 
О | | О 
H2N NH 
2 2 OH PN N 8 
с * НО — 
О О 
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28.15 
О 4 О О о j \ 
55 О 
|] Ї | 
furandicarboxylic acid ethylene glycol PEF 
28.16 
29 
О 


a (N 5: 
О | \ : 39 
A Y Os 
—o је [4] —Q 3 i5 N [5] 


он T је 
ct О О О О: 


о ) / N ( Repeat for all ester bonds. M » 
О = --О < 


ud 2 CgH5OH 
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28.18 React dimethyl terephthalate with both diols to form a possible structure for Tritan: 


o SO TO. 


from 1,4-cyclo- 
hexanedimethanol 


from dimethyl from dimethyl 
terephthalate terephthalate 
from 
2,2,4,4-tetramethyl- new С-О bonds in bold 


cyclobutane-1,3-diol 


28.19 
О al 7 T 
rok om | din E Ж Ба 
+ СІ 
Рае 2” Er 
О О 
14-dihvd b epichlorohydrin 
-di 
; ydroxybenzene (excess) | он Т); 
А 
HN, Z^ NH 
OH он 
үе р ^ 
NH A ЫП HN 
ВЕ OH jn 
Г он 7 
NH бз ae Ж | HN 
o1 [ b ы V 
он L |, он 
B 
28.20 
НО АСВ 
он он он он он он 
+ H 
ТЕ ОН = 
4 “АіСіз А 
АСЗ resonance-stabilized * 3 resonance structures 
carbocation | 
PEN OH OH 
HO —AICls 
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он НО ы 
он он S 
Oaa er a p. Q à 
= R 
< + 
R H он ~“ 


cardinol СУ ; 


wi R 

28.22 Chemical recycling of HDPE and LDPE is not easily done because these polymers are both long 
chains of CH, groups joined together in a linear fashion. Because there are only С-С bonds апа 
no functional groups in the polymer chain, there are no easy methods to convert the polymers to 

their monomers. This process is readily accomplished only when the polymer backbone contains 


28.21 


hydrolyzable functional groups. 


28.24 
; o OH 
a 
НЕ NC V NC | : но ү“ e 
о о 2 о 4 N n 
28.25 
Fo, V4 => Z>~cn and == 
а. 
CN CN 
5 О 
B ; TE ==? Ноа ы. or О 
dad i 
28.26 
о rd 
\ “a 
О 


28.27 Draw the polymer formed by chain-growth polymerization as in Answer 28.2. 


ОД ү ч 
О р E, 
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28.8 Electron-donating groups on a С=С increase the rate of cationic polymerization. Electron- 
withdrawing groups оп a С=С increase the rate of anionic polymerization. 


О О 
и RC Ж 
о woe ш. б 
CN 
A B с 
electron- two electron- one electron- 
donating OR withdrawing withdrawing 
group groups COOR group 
a. Rate in cationic polymerization: В < C < A 
b. Rate in anionic polymerization: А < C < B 


28.29 Draw the copolymers. 


28.30 


О 
H 

b ee — HN ММ 

О 

i fe i 

ee я 

О О О 
а еее = => а апа но Т “он 
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28.31 


o 
nae 
/ 
Iz 
21 
И 
ZI 


B ns etu este d 7 eee 


n 


28.32 An isotactic polymer has all Z groups on the same side of the carbon backbone. A syndiotactic 
polymer has the Z groups alternating from one side of the carbon chain to the other. An atactic 
polymer has the Z groups oriented randomly along the polymer chain. 


СІ СІ СІ CN CN СМ CN Ph Ph Ph Ph Ph 
28.33 
mW OH | 4«— — гот ethylene oxide 
CCl3 
n 
28.34 
О 
H3N NH2 O О 8 
а — Н H 
Oe OA ира 
HO OH ; 
О 
b. “so ^o апа = HOW Sn A О 
м FON 
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n 


О оо 
СІ 
апа НО OH = 
у О 
o 


pO 


О 
HO 4 >_< == 
OH 


Е 


28.35 


а. 
Н Н 
+ О 
o Quiana 
HO 
OH 
О 


o o 
HN NH 9 ғ 
pp Ta изм 
| : H H 


Nomex 


28.36 Draw the structure of a random copolymer formed from twice as many CH,=CH, monomers as 
СН,-СНОСОСН,. 


ососњ 
] 


3 monomers 3 monomers 
joined joined 


28.37 


a. This is a carbonate, so a polycarbonate is depicted. 


Бай 


О 
к 


yw 


ФР ? 9 
2 
А 


b. monomers 


но ж јон У Д 
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28.38 Join each isocyanate to an OH group to form а urethane unit. 


© © OH 
но ~ 
М. 
es 
Хо 


diisocyanate diol 


О О | 
Ay () Б (y^ С O Send 


polyurethane 


2М 
zt 
o 


28.39 
о 
E о 
О О 
о б. 
О 
| | 
О 
HO + НО рече + он 
OH OH HO 
О 
О 
28.40 
О 
О 9 р I М 
О п О > о d 
g n 
polyester A PET nylon 6,6 
1,-<0%С Та-70%С Tg - 53 °С 
Tm = 50 °С Та = 265 С Tm = 265 °C 


a. Polyester A has a lower T, and T, than PET because its polymer chain is more flexible. There are no 
rigid benzene rings, so the polymer is less ordered. 

b. Polyester A has a lower T, and T, than nylon 6,6 because the N-H bonds of nylon 6,6 allow chains to 
hydrogen bond to each other, which makes the polymer more ordered. 

c. The Т. for Kevlar would be higher than that of nylon 6,6, because in addition to extensive hydrogen 
bonding between chains, each chain contains rigid benzene rings. This results in a more ordered 
polymer. 
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28.41 
O О 
о ОУ 
О о л 
о о 
А dibutyl phthalate 


Diester A is often used as a plasticizer in place of dibutyl phthalate because it has a higher molecular 
weight, giving it a higher boiling point. А should therefore be less volatile than dibutyl phthalate, so it 
should evaporate from a polymer less readily. 


28.42 
Initiation: 


(CH3)3CO 
2 (cry, ^^ ЖЕРІ Шо ИМ 


-Пос(снаја 


(СНэзСО- 


Propagation: 


(СНај со СУ 
(CH3) CO vx (CH3)3CO “Ж 
^d 


new C-C bond 


Repeat Step [3] over and over to form gutta-percha. 


Termination: 
ua в. 
28.43 
H Беси 
/ [1] I «у [2] + к 
B^ ^о : — F—B-O:- + Ax Ph —— их Ph + ҒаВ- ОН 
Ey L + y 
1,2-H 
shift 
a y resonance-stabilized carbocation 
Ph 
Ph [4] 
Ph * жән ые зы 
di HM Repeat Steps [3] and [4]. A 
Ph 
new C-C bond 
Ph Ph Ph 
А is the major product formed due to the 1,2-H shift (Step [3]) that occurs to 
; 8 form а resonance-stabilized carbocation. 
8 8 B is the product that would form without this shift. 
Ph 
A B 


major product 
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28.44 
= Я уе Da This carbocation is unstable because it is located next to an | 
F3B— O+ JOA CN C=N electron-withdrawing CN group that bears a 5+ on its C atom. This 
Uu 5+ carbocation is difficult to form, so СН>=СНСМ is only slowly polymerized under 
cationic conditions. 
д М 
+ 2 
F4B—O- О за «һү 2 
Н 
This 2% carbocation is more stable because it is not directly bonded to the electron- 
withdrawing CN group. As а result, it is more readily formed. Thus, cationic 
polymerization can occur more readily. 
28.45 
PRO МА m SEN 
nitiation: Bu—Li + == ВЫ -= L 


Ph 


Repeat Step [2] 


Propagation: a т P, Bu = А CIO 


over and over. 


Ph Ph 
20: 
irs К N [3] 4. 
Termination: po 5-6-5 ; О: 
Ph Ph " E Ph РП 


28.46 The substituent on styrene determines whether cationic or anionic polymerization is preferred. 
When the substituent stabilizes a carbocation, cationic polymerization will occur. When the 
substituent stabilizes a carbanion, anionic polymerization will occur. 


cationic anionic anionic cationic 
polymerization polymerization polymerization polymerization 


28.47 The reason for this selectivity is explained in Figure 9.10. In the ring opening of an 
unsymmetrical epoxide under acidic conditions, nucleophilic attack occurs at the carbon atom 
that is more able to accept a 6+ in the transition state; that is, nucleophilic attack occurs at the 
more substituted carbon. The transition state having а 6+ on a C with an electron-donating CH, 
group is more stabilized (lower in energy), permitting a faster reaction. 


Н 


H m à. М 
Wc. ок“ (4j HO " 
LA^ x 
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қ OH ot 
dp + H30 


СІ 


(OS 
H20 
Repeat Steps [4] and [5] over and over. 
28.48 
"2 
CI 
Ж 
== о OH + АС» 
Вереаї 
o 
= О о 
B 
28.49 
+H 
О О 


resonance-stabilized 
cation 


eae 

ss A H 

à PN 

Е = нб : 
bisphenol A HSO, 


+ H2504 (* 3 additional 
resonance structures) 


* HCI 


resonance-stabilized cyclohexane-1,4-diol 


carbocation 
+ ДІСІ,” | 
СІ / \ 
=— + 
== 10 OH 
A 
H 
:CI— АСВ 


H HSO4 
H e 
9 
F z 
он ( 


(* 3 additional H- Go 


resonance structures) 


OH 
+ H20 

(+ 5 additional + HSO, 
resonance structures) 
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28.50 
\ Жаа 
Lo us | N9 -Ot Пот 
М=С=О + CH3—OH ~ CH3 « с СНз 
Me ve Sa :0: :0: 
| i 
с он 
Ни xu та 
N OCH3 м LO 
os 25 `С^е7СН 
сњ—он + СТ НЕ -- CY | 3 
:0: о 
а urethane 
28.51 
(CH3)3CO-OC(CHs)3 ; ; 
а. = 
s баев 
ОСНз ОСН: OCH3 
Ay _BuLi(initiator) - CE. 
b. 
BF; + Н;О_ 
С: 228: 
d. on Roe 
OH OH 
T > | E SLE] 
* CI 
E p 
OH (excess) 


PSS 
[9] 
[9] 
I 
X 
О 
[9] 
I 
sj 
[9] 
[9] 


О == о - Ё 
xd Та oT - 


H 
feet 
g. ocn— У но + HO OH — о ІЛ о 
М 


Synthetic Polymers 28-19 


28.52 Polyethylene bottles are resistant to NaOH because they are hydrocarbons with no reactive sites. 
Polyester shirts and nylon stockings both contain functional groups. Nylon contains amides and 
polyester contains esters, two functional groups that are susceptible to hydrolysis with aqueous 
NaOH. Thus, the polymers are converted to their monomer starting materials, creating a hole in 


the garment. 
28.53 
о 
С c кыл 
HO OH 
gom Ы, 
| тиме 
OH 
HN 
Pd СТ 
МН О 
9 в 
d OH 
(> C 2 ——: 
n 
СісреО | 
OH 
QL y 
n 
ДА 
М 
HO 
28.54 


CHCl CHsCI КМпО4 


О о 
ЕТТЕРІ TANC ) ( ) ( 
? А HO OH 


terephthalic acid 


[f] OsO4 


--СН; - ugs ааа 
[2] МаН$Оз, H20 


ethylene glycol 
or 


mCPBA о H0,-0H OH 
fe, е Eod 
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28.55 
OH 
+ CH;—O nu 
phenol 
OH 
Because phenol has no substituents at any ortho or para 8 айы» 
position, an extensive network of covalent bonds сап join P | 
the benzene rings together at all ortho and para positions P 
to the OH groups. 
Bakelite РА 
p-cresol 
Because p-cresol has a СНз group at the para position to 
the OH group, new bonds can be formed only at two ortho 
positions, so that a less extensive three-dimensional 
network can form. 
28.56 
0 о 
О О 
а S бас е E Т ; o A 
— y P ; b. —— “зә 8 
О 
e-caprolactone polycaprolactone p-dioxanone polydioxanone 
28.57 


О 
о 
21 
а= 
? 
О 
О 
IZ 
О 
о 
Ч 21 
р 
о zl 


poly(ester amide) A 


NE. à HoN NH> 
H3N = 
OH OH 
у оО но 
о 


јеле the benzyl ester of lysine 
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28.58 
О О 
o о OH 
OH о он 
— о =___ ода 
о 
Бепгуі salicylate 9 о п salicylic acid 
(2 equiv) = 4 (2 equiv) 
о + О E 
PolyAspirin OH 
СІ HO 
СІ 
7 О sebacic acid o 
sebacoyl chloride 
28.59 
H H 
HN. .N. NH HN. ON. ON КОЗ ee 
se did ЕЕ әш 00 7 Y Y^ 
| М | М О anster | 
А О: М N СОН 
[1] [2] Н-А 
NH2 NH2 NH2 
melamine _ ШЕ 
е 
H H is M 2% ке ss H .. Н 
HENS ONOONO ONP SN. NB BAN Na. i TaN ты ыт д и 
` 
Ша уиме ТГ. тықса T iE. 
N ZN N zN N.ZN сон; 
N N N N ~ + + 
DES o in MEL. | 
МН 2 2 x 
NH» NH» : А + А: 
|6 
HoN М N. .N. Ан 
dM dM M 
| | 
i PUT H-A 
NH2 NH2 
28.60 
^ 
jv = 


1 
a $ 1 NE және i : E adn 
H^) intramolecular 


б Н abstraction 


re-draw 


[3] Repeat 
Step [2]. 


b. Abstraction of the H is more facile than abstraction of the other H's because the H 
atom that is removed is six atoms from the radical. The transition state for this 
intramolecular reaction is cyclic, and resembles а six-membered ring, the most 
stable ring size. Other H's are too far away or the transition state would resemble 8 
а smaller, less stable ring. 


N 


butyl substituent 


Chapter 28-22 


28.61 
О 
EI е 
pu Т; Jl HN м "oH 
H2N NH2 H H H 
urea formaldehyde 


NH2 


H2N 
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Chapter 29 Lipids 


Chapter Review 


Hydrolyzable lipids 
[1] Waxes (29.2)—Esters formed from a long-chain alcohol and a long-chain carboxylic acid 
о 
А R, К'= long chains of C's 
R^ ~OR' 


[2] Triacylglycerols (29.3)—Triesters of glycerol with three fatty acids 


О 
=o R, R', R" = alkyl groups with 11—19 C's 
) R 


о о 
рди 
о 


[3] Phospholipids (29.4) 


a. Phosphatidylethanolamine b. Phosphatidylcholine c. Sphingomyelin 
(cephalin) (lecithin) 
R R 
c d o—( R 
О О == 
о о НО 
R R NH 

О a о 7 2- R 

о 


| 
О-Р- 
КЕ D. О-Р-О 
о Nen о UN ja oc 


+ 
NR'4 
| | pa А В = CH3(CHa)12 
В, В' = long carbon chain R, R' = long carbon chain R' = long carbon chain 
В" = H or СНз 


Nonhydrolyzable lipids 
[1] Fat-soluble vitamins (29.5)—Vitamins А, D, E, and K 


[2] Eicosanoids (29.6)—Compounds containing 20 carbons derived from arachidonic acid. There are 
four types: prostaglandins, thromboxanes, prostacyclins, and leukotrienes. 
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[3] Terpenes (29.7)—Lipids composed of repeating five-carbon units called isoprene units 


Isoprene unit Types of terpenes 


[1] monoterpene 10 C's [4] sesterterpene 25 C's 
) A [2] sesquiterpene 15 C's [5] triterpene 30 C's 
[3] diterpene 20 C's [6] tetraterpene 40 C's 


[4] Steroids (29.8)— Tetracyclic lipids composed of three six-membered and one five-membered ring 


Practice Test on Chapter Review 


1.a. Which of the following compounds contains an ester? 
1. а wax 4. Both (1) and (2) contain esters. 
2. a cephalin 5. Compounds (1), (2), and (3) all contain esters. 
3. a sphingomyelin 


b. Which of the following compounds is an eicosanoid? 
1. a leukotriene 4. Both (1) and (2) are eicosanoids. 
2. a thromboxane 5. Compounds (1), (2), and (3) are all eicosanoids. 
3. a prostaglandin 


c. Which of the following statements is (are) true about A? 


HO 
ЕРТ ИЧИМЕ 
cS 
BE A 
О таға 
О ( 


1. A is a lecithin. 

2. A is a phosphoacylglycerol. 

3. A has two tetrahedral stereogenic centers. 
4. Both (1) and (2) are true. 

5. Statements (1), (2), and (3) are all true. 
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2. Label each compound as а (1) hydrolyzable or (2) nonhydrolyzable lipid. 
a. a triacylglycerol e. oleic acid 
b. vitamin A f. PGE, 
c. cholesterol g. а wax 
d. а lecithin h. a phosphoacylglycerol 


3. For each compound: How many isoprene units does the compound contain? Classify the compound 
as a monoterpenoid, sesquiterpenoid, etc. 


OH О 


| о 
А в с 
4. Answer True (T) or False (F) for each statement. 
a. Eicosanoids are biosynthesized from dimethylallyl diphosphate and isopentenyl diphosphate. 
b. Prostaglandins are biosynthesized from arachidonic acid. 
c. Fats have lower melting points than oils, and are generally solids at room temperature. 
d. A cephalin is one type of phosphoacylglycerol. 
e. Sphingomyelins possess a polar head and two nonpolar tails. 
f. A sesterterpene contains six isoprene units. 
6. The typical steroid skeleton has four six-membered rings joined with trans ring fusions. 
h. Waxes are high-molecular-weight lipids formed from a fatty acid and a long-chain amine. 


5. Which terms describe each compound: (a) hydrolyzable lipid; (b) triacylglycerol; 


(c) phosphoacylglycerol; (d) phospholipid; (e) nonhydrolyzable lipid; (f) prostaglandin; 
(g) terpenoid? More than one term may apply to a compound. 


5 d z О 
HO Он 5 


А i 
O-P-O Қ 
= de Қ еды о- ће“ 
B 
Answers to Practice Test 
1.а.4 2.а. 1 3. A: 2, monoterpenoid 4.a.F 5. A: e, f 
b.5 b. 2 B: 4, diterpenoid b. T В: е, g 
c. 3 c.2 C: 3, sesquiterpenoid c.F C:a,c,d 
а.1 d.T 
e.2 e.T 
f. 2 f. F 
5.1 2. Е 
h. 1 h.F 
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Answers to Problems 


29.1 Join the carboxylic acid and alcohol together to form an ester. 


Qm ои E 


О 
29.2  Eicosapentaenoic acid has 20 C's and 5 C=C’s. An increasing number of double bonds 
decreases the melting point, so eicosapentaenoic acid should have a melting point lower than 
arachidonic acid; that 15, « —49 ?C. 


“ | j Е е 
Lae at 2 5 
- А 
о 
В алы ана А OH b dd AD а св аса 


с. Нә (1 equiv) H» (excess) 
© о ы ~ о ущ 
Pd-C Pd-C 


Y О 
two possible products: 


о c 9 с 
А < с < B 
2 double bonds 1 double bond O double bonds 
lowest melting point intermediate melting point highest melting point 


29.4  Lauric acid is a saturated fatty acid but has only 12 C's. The carbon chain is much shorter than 
palmitic acid (16 C's) and stearic acid (18 C's), making coconut oil a liquid at room temperature. 


29.5 
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29.6 А lecithin is a type of phosphoacylglycerol. Two of the hydroxy groups of glycerol are esterified 
with fatty acids. The third OH group is part of a phosphodiester, which is also bonded to another 
low-molecular-weight alcohol. 


О 


PIN one possibility: О 
» R ү чы EN —<——— palmitic acid 
о О 
- 
o К 
| Ñ 
o-P-0 NS 
ам. 


general structure 
of a lecithin 


29.7 Soaps and phosphoacylglycerols have hydrophilic and hydrophobic components. Both 
compounds have an ionic “head” that is attracted to polar solvents like H,O. This head is small 
in size compared to the hydrophobic region, which consists of one or two long hydrocarbon 
chains. These nonpolar chains consist of only C-C and С-Н bonds and exhibit only van der 
Waals forces. 


o  Phosphoacylglycerol soap О 

О Р Ма*- о В <——— nonpolar, hydrophobic region 
The R groups are 
О hydrophobic апа | 

o-4 E di nonpolar. polar head 

| 
О-Р-О 

+ / 
s E 7 | *——— polar head 


29.8 Phospholipids have a polar (ionic) head and two nonpolar tails. These two regions, which 
exhibit very different forces of attraction, allow the phospholipids to form a bilayer with a central 
hydrophobic region that serves as a barrier to agents crossing a cell membrane, while still 
possessing an ionic head to interact with the aqueous environment inside and outside the cell. 
Two different regions are needed in the molecule. Triacylglycerols have three polar, uncharged 
ester groups, but they are not nearly as polar as phospholipids. They do not have an ionic head 
with nonpolar tails, so they do not form bilayers. They are largely nonpolar C-C and C-H 
bonds, so they are not attracted to an aqueous medium, making them H,O insoluble. 


29.9  Fat-soluble vitamins are hydrophobic and therefore are readily stored in the fatty tissues of the 
body. Water-soluble vitamins, on the other hand, are readily excreted in the urine, so large 
concentrations cannot build up in the body. 
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29.10 Тһе circled C's in arachidonic acid form the five-membered ring. 


OH 


arachidonic acid 


29.11 Isoprene units are shown in bold. 


а. pup > 
OH 


geraniol 


vitamin A 


29.12 


О 


OH 


с. grandisol 


d. camphor 


Ed ы. 
күү four isoprene units = diterpene 
XS 


biformene 


29.13 


+ 
pue не € es 


farnesyl diphosphate 


resonance-stabilized carbocation isopentenyl diphosphate 


+ -OPP | 


SS SS Su. 


29.14 


resonance-stabilized 


carbocation 


И 3B 


S + 
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single bond 
free rotation 


| т 


Ж - 


A 
< 
чт 


1,2-Н shift 
£ i | 4 


a-terpinene 
29.15 
О 
а. methyl group at СЇЗ ———= carbonyl at C17 
methyl group at C10 <= 
О 
double bond 
between C4 and C5 
carbonyl at C3 
29.16 


different here 


diastereomer 


29.17 Hydrolysis cleaves the ester and lactone in lovastatin. 
HO 


H30* 


OH 


lovastatin 
Two bonds are cleaved. 


~ 
* 


+ -OPP 


resonance-stabilized 
carbocation 


diastereomer 


OH 


OH 
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29.18 
NS 
a. b. 
ІГ 
gepinene humulene 
29.19 
À H H 
trans cis 
29.20 
T о 
а. Б. 
Н H 
OH H 
29.21 
29.22 


О There is no stereogenic center in this triacylglycerol 


о-С км ЧУ NM CP ео because these R groups are identical, making this 


triacylglycerol optically inactive. 
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29.23 
О О 
к у ы р ПРУ мү ыы ы 


Ok AU и "БЕО У СЧ ЧЕ ос о о о 
un dd бо di дылы» аа ылы жағасы PT 


о М 
[1] Оз 
P PAC [2] CH3SCH3 
VEN ERE ES 
o о The С=С' аге drawn as 2, because that is 


the naturally occurring configuration. 


o- NH3 Os 
sphingomyelin 
cephalin 
29.25 
О 
О 
он A 
но P 
B. ho a [1] (R-CBS reagent с A 
15 [2] H20 AORA 
HO ул a б BE 
РсЕ;о о 5 
И] Zn(BHa)> Use a chiral reducing agent to add 
hydride from one side only to form a 
[2] H20 single diastereomer. 
Вапас 
о diastereomers о 
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29.26 
ф 
OH 
a. А-А f. 
CHO 
neral COOH 
patchouli alcohol | ; х 
о dextropimaric acid 

О 

i Ë Ф©@ у 

О 


ы 
НО 


регіріапопе В 


сагуопе : 
В-атугіп 


В-сагоїепе 


29.27 А monoterpene contains 10 carbons and two isoprene units; a sesquiterpene contains 15 
carbons and three isoprene units, etc. See Table 28.5. 


OH “ 
а. < ^N d. f 
monoterpenoid оно diterpenoid 
sesquiterpenoid 
чегер COOH 
О 
О 
О 
К | 
НО 


monoterpenoid sesquiterpenoid 
triterpenoid 


tetraterpene 


Lipids 29-11 
29.28 а. Cleave the two esters and the acetals. 
acetal 
OH | ОШ ӨЛ?» 
HO,, и 
о о | он 
НО 5 | ester 
Де стост асета! РА о D 
? к acetal acetal on 


HO 


hydrolysis HO 
О 
HO зы шы зы ы "us ы 9 OH 
Б ірісі 
он ОН 
4, ^ 9H 
s OH 
но 


b. Тһе lipid portion has 20 C's, so it is a diterpenoid. The four isoprene units are labeled in bold. 


О 
HO SAVIN А OH 
О 
29.29 
a. Isoprene units are shown іп bold. 
pU да CTS WS ~ 
Іусорепе / | 


tail tail 
b, c. All isoprene unites are connected head-to-tail except for the two units (boxed in), which are 
connected in a tail-to-tail fashion. 
d. Lycopene has 40 C's and eight isoprene units making it a tetraterpene. 


29.30 


HO o 
HO с. а. 


О 
3 isoprene units З isoprene units O 2 isoprene units no way T all 


isoprene units 


Chapter 29-12 


29.31 
OH 


-— —— Place СНз here for the branch in an isoprene unit. 


29.32 


В: 
| | АГ 
--- а + ТОРР --- — — 
J 
| OPP | 


resonance-stabilized 
carbocation 


а-ріпепе 


29.33 Тһе unusual feature in the cyclization that forms flexibilene is that a 2? carbocation rather than a 
3? carbocation is generated. Cyclization at the other end of the С-С would have given a 3? 
carbocation and formed a 14-membered ring. In addition, the 2? carbocation does not rearrange 
to form a 3? carbocation. 


= 
P e е үле жә Бо о opp + OPP 


farnesyl diphosphate | isopentenyl diphosphate 
Su К ы SS opp — — EN ы EN в Ё ОРР 
+ HB' HN 
р : В 
‚ re-draw 
2% carbocation 
dix a 
"e С ze а 
OPP 
+  ОРР flexibilene 
+ HB 
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29.34 Join two of the C=O’s together to form a ring, and convert the remaining C=O to a С=СН.. 


Then check for the presence of isoprene units. 


О О О 1 
Л, + —s 
H H 1 2 2 (Joining C=O's numbered 1 апа 2) 
o / 
3 not a possibility 
H not formed from isoprene units 
1 
3 
2 
S 3 
(Joining C=O's numbered 1 апа 3) (Joining C=O's numbered 2 апа 3) 
a possibility a possibility 
2 isoprene units 2 isoprene units 
29.35 
a. 
Хы 
:OH 


| 
+ Н2О 
| 
ago 


x 
Е [1] Оз 
| [2] Zn, H20 
о О 
“ОН, H20 
CHO 
16,17-dehydroprogesterone 
29.36 
H H H H 
HO Е H HO" Е OH H 
| H 
equatorial OH axial OH 
H H 
HO OH H HO, H 
b. d. HO 
H H H H 
axial OH equatorial OH 
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H H 
) HO 
HO "OH (ед) Axial reacts 
H OH-— —- faster. 
(ах) 
О 


H Primobolan 


betamethasone 


CH3 groups make this face more sterically hindered. 


29.37 
H ae H OH (ax) 
a. << 
| HO Axial reacts 
HO т (eq) d faster. 
29.38 
с. 
CH3(CH2)5COCI 
pyridine 
methenolone 
29.39 
29.40 
5 | 


rro 


H 


H2 added from below 


The bottom face is more accessible, so the H2 is 
added from this face to form an equatorial OH. 
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OC 


OH OH O Б ES On 
H Grubbs catalyst N OH OH O 


B 
F [1] NaOH, H20 
[2] НзО* 


N OH 
N OH OH O 
Ps fluvastatin 
C24H2;FNO4 
29.42 
At 
F 
~ % и үл 
1,2-shift 1,2-shift 
~ = _— == ELLE Due m =: 2: 
ОРР |, 
fe 


+ -OPP 


resonance-stabilized 
carbocation 
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29.43 Re-draw the starting material in a conformation that suggests the structure of the product. 


EN ы | 
он "us 
2 
:ОН2 + H20 | 
е. 

„4 «I c! 
са 2 — VOS " 
* H20 
CN 
^f њо ÓH С = і0-Н 

rs (Шы Ж m 

HG OH E 
| 5 
es 
H-OH2 + 
29.44 

(any base) 

: В 

КЗ < ч 

SS SS SS = ———- ———- 
OPP 22 X P АН 2 
Я # 
farnesyl diphosphate E oH 


+ -OPP 


resonance-stabilized 
carbocation 
С H— Ay (any acid) 


1,2-H shift 
B 
К 
Ун 


1,2-СНа shift + АГ 


ТУД: 


c 
== шне 


epi-aristolochene 
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Spectroscopy А Mass Spectrometry 
Chapter Review 


Mass spectrometry (MS) 
Mass spectrometry measures the molecular weight of a compound (А.1А). 
The mass of the molecular ion (M) = the molecular weight of a compound. Except for isotope peaks 
at M + 1 and M + 2, the molecular ion has the highest mass in a mass spectrum (А.1А). 
The base peak is the tallest peak in a mass spectrum (A.1A). 
A compound with an odd number of N atoms gives an odd molecular ion. A compound with an 
even number of N atoms (including zero) gives an even molecular ion (A.1B). 
Organic chlorides show two peaks for the molecular ion (M and M + 2) in a 3:1 ratio (A.2). 
Organic bromides show two peaks for the molecular ion (M and M + 2) in a 1:1 ratio (А.2). 
The fragmentation of radical cations formed in a mass spectrometer gives lower molecular weight 
fragments, often characteristic of a functional group (A.3, A.4). 

e High-resolution mass spectrometry gives the molecular formula of a compound (А.5А). 


Practice Test on Chapter Review 


1.a. Which compound has a molecular ion at 112 in its mass spectrum? 


4. Compounds (1) and (2) both fit these criteria. 


5. Compounds (1), (2), and (3) all fit these criteria. 


b. What is the base peak in a mass spectrum? 


1. the peak due to the radical cation formed when a molecule loses an electron 
2. the tallest peak in the mass spectrum 

3. the peak due to the fragment with the largest m/z ratio 

4. Both (1) and (2) describe the base peak. 

5. Statements (1), (2), and (3) all describe the base peak. 

c. Which compounds are possible structures for a molecule that has a molecular ion at 150 in its mass 
spectrum? 
О О 
[NS 9) 
(DUO тор 
CH30 


4. Both (1) and (2) are possible structures. OCHs 


5. Compounds (1), (2), and (3) are all possible structures. 
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а. Which compounds exhibit prominent M + 2 peaks in their mass spectra? 


CI 


4. Both (1) and (2) show M + 2 peaks. 
5. Compounds (1), (2), and (3) all show M + 2 peaks. 


2. Answer True (T) or False (F). 


a. 
b. 
б: 


а. 
& 


A compound with a molecular ion at 109 contains a N atom. 

A compound with a base peak at 57 must contain a N atom. 

In its mass spectrum, a compound that has a molecular ion with two peaks of approximately 
equal intensity at 124 and 126 contains chlorine. 

Fragmentation by alpha (o) cleavage occurs with aldehydes, alcohols, and amines. 

A high-resolution mass spectrum can be used to distinguish between possible molecular 
formulas. 


Answers to Practice Test 


1.а.4 
b.2 
с.4 
а.4 


2.а. T 
b.F 
c.F 
d.T 
e.T 


Answers to Problems 


АЛ 


А.2 


АЗ 


The mass spectrum of pentane has peaks at m/z = 72 (molecular ion), 73 (M + 1), and 
43 (base peak). 


The molecular ion formed from each compound is equal to its molecular weight. 


a. СзНвО b. CipH20 С, CgHgO5 d. CigHisN 
molecular weight = 58 molecular weight = 140 molecular weight = 136 molecular weight = 149 
molecular ion (m/z) = 58 molecular ion (m/z) = 140 molecular ion (m/z) = 136 molecular ion (m/z) = 149 


Some possible formulas for each molecular ion: 
a. Molecular ion at 72: С.Н „, СНО, СНО, 
b. Molecular ion at 100: C,H,, С.Н. СНА, СНО, 


c. Molecular ion at 73: CH, N, C,HLN, 


А.4 


А.5 


А.6 


А.7 


A.8 
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Use the molecular ion to propose molecular formulas that contain C, H, and O. Then determine 
which formula has three degrees of unsaturation. 


Mat 222: СН (not enough H's) 


Ci7Hig E run СНО (not enough H's) 


-С 
C46 H3o Еа Сі5Н-6О (three degrees of unsaturation) 


Answer 


Chlorpheniramine has a molecular formula C,,H,,CIN,. Calculate the molecular ions by 
determining the molecular weight using each of the two most common isotopes of СІ (“СІ and 
37 

СЇ). 


MW of CigHig? CIN; = 274 
MW of CigHig?" CIN; = 276 


Two peaks in a 3:1 ratio at m/z - 274 and 276 


To calculate the molecular ions you would expect for compounds with СІ, calculate the 
molecular weight using each of the two most common isotopes of СІ (“СІ and "CI). 


а. C4Hg?*CI- 92 с. САНЫМ = 73 
C4Ho?’Cl = 94 One peak at m/z 73 
Two peaks in 3:1 ratio at m/z 92 and 94 


b. C3H7F = 62 d. САНАМ = 80 
One peak at m/z 62 One peak at m/z 80 


Convert the ball-and-stick model to a skeletal structure and determine the molecular formula. 
Calculate the molecular weight using each of the two common isotopes for Br ("Br and " Br). 


Вг сону2Вг-162 
СеНу Вг = 164 
Two peaks in a 11 ratio а m/z 162 апа 164 


СеНиВг 


After calculating the mass of the molecular ion, draw the structure and determine which C-C 
bond is broken to form fragments of the appropriate mass-to-charge ratio. 


e- 


» bo * PW. 


Cleave bond [1]. + 
[n | m/z = 43 
m/z = 100 
е” + 
> И + ы С 
Cleave bond [1]. $ 
m/z =57 


Chapter А-4 
А.9 
Break this bond. 
xv = үсү 
m/z = 14 m/z - 57 
This 3* carbocation is more stable 
than others that can form, and is 
therefore the most abundant 
fragment. 
А.10 
О 
О 
Р == 
8. ет i 9 <> 
X (from cleavage of bond [2]) (from cleavage of bond [1]) 
m [2] 
О 


5 
T 
| 
О 

+ 

т 
ҮШ 
о 


A.11 


Cleave bond [1]. + 
е ӨН Ж д 


»- * CH2CH3 + „одн 
Cleave bond [2]. 


m/z - 45 
b. X 
L Ee E (m) (| 
m/z = 56 m/z = 56 


A.12 The two fragments of highest abundance of the mass spectrum of hexan-3-amine occur at 
m/z = 72 апа m/z = 58. 


NH2 
NH2 Cleave bond [1]. 
[1] S L / ————————— CSS + p x 
pou ~ сш т/?- 58 
NH2 
Cleave bond [2]. 
p + > CH2CH3 
m/z = 72 
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A.13 Use the exact mass values given in Table A.1 to calculate the exact mass of each compound. 


C7H5NO3 CgHgNOz 


mass: 151.0270 mass: 151.0634 


compound X 


CioH7N 


mass: 151.1362 


A.14 
GC-MS analysis: 
Three peaks in the gas chromatogram. 
Order of peaks: benzene, toluene, p-xylene, 
in order of increasing bp. 
benzene toluene p-xylene Molecular ions observed in the three mass spectra: 78, 92, 
CeHg m/z=78 C7Hg m/z = 92 СаН(0 m/z = 106 106. 
A.15 
Cleave bond [1]. Bo 
[1] ges > ·СНа + + т/2 = 127 
АИ 
В >- * /2 - 85 
[3] ы ата TY " 
m/z = 142 Cleave bond [2]. 
> * CH2CH3 + Eu m/z = 13 
Cleave bond [3]. 
A.16 


О 


molecular formula: CgH490 
molecular ion (m/z): 86 


molecular formula: CgHg 
molecular ion (m/z): 78 


PES 


molecular formula: СН; 


molecular formula: СНС 
molecular ion (m/z): 136 


molecular ions (m/z): 106, 108 


A.17 
cd 
СоН 2 СоНо О 


molecular weight = 120 molecular weight = 134 


Вг 


molecular formula: CgH,7Br 
molecular ions (m/z): 192, 194 


СаНоо 
molecular weight = 122 


Chapter А-6 


A.18 Examples are given for each molecular ion. 
a. molecular ion 102: С,Н,, СНА, СНО, СВА, 
b. molecular ion 98: C,H., C H,,, CHO, C;H,O, 
c. molecular ion 119: C,H,N, СНМ, 
d. molecular ion 74: C,H,, СНО, СНА, 


A.19 Likely molecular formula, С.Н, (one degree of unsaturation—one ring or one т bond). 


Four structures with m/z - 112 


—— O^ O^ Дд 


A.20 Use the molecular ion to propose molecular formulas for a compound with only C and H. Then 
determine which formula has four degrees of unsaturation. 


Mat 204: Cy (no H's) 
CigHi2 (not enough H's) 


C45H24 (four degress of unsaturation) 
Answer 


A.21 Use the directions from Answer A.4 and propose a formula with two degrees of unsaturation. 


М at 154: СоНо (not enough H's) 


СиН?22 =» Слово (two degrees of unsaturation) 


Answer 
A.22 
О 
a S 
о bv d Br 
CI A 
B с 
C4H702Cl CgH490 C3H7Br 
molecular weight: 122, 124 molecular weight: 122 molecular weight: 122, 124 
should show 2 peaks for the should show 2 peaks for the 
molecular ion with a 3:1 ratio molecular ion with a 1:1 ratio 
Mass spectrum [1] Mass spectrum [2] Mass spectrum [3] 
А. 


Possible structures 
СУН12 
(exact mass 96.0940) 


A.24 One possible structure is drawn for each set of data: 


а. a compound that contains a benzene ring 
and has a molecular ion at m/z - 107 


C 


C7HgN 


b. a hydrocarbon that contains only sp? hybridized 
carbons and a molecular ion at m/z - 84 


b 


СвН12 
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c. a compound that contains a carbonyl group 
and gives a molecular ion at m/z = 114 


О 


p 


C;H440 


d. a compound that contains C, H, N, and O and has 
an exact mass for the molecular ion at 101.0841 


Жекей 


| 
Н 


C5HyNO 


A.25 Use the values given in Table A.1 to calculate the exact mass of each compound. C,H,,NO, 
(exact mass 153.0790) is the correct molecular formula. 
A.26 Inthe spectrum of hexan-2-ol (C,H,,O, MW = 102), the molecular ion appears at m/z = 102, the 
base peak occurs at m/z = 45, and the fragment from loss of water (M — 18) occurs at m/z = 84). 
e [2] OH 
WS =. Cleave bond Cleave bond 1]. _ 5 
+ + 3 
m/z - 87 
Cleave bond [2]. OH 
$ T 
m/z - 45 
А.27 


aa . 


OH 


(from cleavage of bond [1]) 


O 
2 d 


а + 


(from cleavage of bond [1]) 


| 
Иң 


(from cleavage of bond [1]) 


"2 


(from cleavage of bond [2 


Eu 5 


(from cleavage of bond [2]) 


27% 


(from cleavage of bond [2 
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А.28 


а. The molecular ion in both spectra is 88. The base peak in spectrum [1] occurs at m/z = 59. 
The base peak in spectrum [2] occurs at m/z — 57. 


b. One possible fragmentation is shown for each compound. 


Ma " Cleave bond (1. — Д 2 ЕН 
Y ü 


A m/z = 57 
3" carbocation 


он он 
|, Cleave bond [1]. 2 А 
Б = CH3CH5 © 
в 


m/z = 59 


Thus, spectrum |11, with a base peak at m/z — 59 corresponds to B. Spectrum [2] with a base 
peak at m/z — 57 corresponds to A. 


A.29 Тһе mass spectrum of hexan-2-amine (СН № shows a molecular ion at m/z = 101 and a base 
peak at m/z - 44. The base peak corresponds to an a cleavage product. 


NH2 NH2 
, Вгеак бопа. 
A g s + ANZ 
m/z = 44 
base peak 


A.30 


OH 
EM - H20 - 
И | D | 2 {у (resonance-stabilized 
Cleave bond [1]. carbocation) 


m/z = 104 m/z = 122 


е BEN + 
Cleave bond [1]. У “он 


т/2 = 71 
. “ы | 
— H20 bus e7 + 
b. Ф он 


ж Cleave bond [2]. 


ев сн, он 
Cleave bond [3]. 
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A.31 


Ketone A Ketone B 
О 


——— PN pw 


m/z = 128 


m/z - 128 


| a cleavage | a cleavage 


O+ 


~ Ose 
* СН>СНз + ое СНз + МЫ Т ы 
т/2 = 99 m/z = 113 
This is ketone A because a This is ketone B because а. 
cleavage gives a fragment with cleavage gives a fragment with 
m/z of 99. m/z of 113. 


A.32 Alpha cleavage of a 1? alcohol (RCH,OH) forms an alkyl radical (R-) and a resonance-stabilized 
carbocation with m/z — 31. 


+ СНОН 


" 
CH3— OH 


m/z-31 
resonance-stabilized carbocation 


A.33 An ether fragments by o cleavage because the resulting carbocation is resonance stabilized. 


Cleave 
[1] [2] bond [1]. 


ao SS a ға + Pe So 
L y | 


= resonance-stabilized carbocations 
bs d Сезе | 
оп | -ж HZ 
. CH; à bd о Bd О 


A.34 a. There are three molecular ions (M, М + 2, M + 4) for a compound with 1 СІ and 1 Br. The 
relative peak intensities are determined using the natural occurrence of each isotope. For СІ, 
there is a 7596 probability that a Cl will be “Cl and a 25% probability that а СІ will be "CI. 
For Br, there is a 50% probability that a Br will be either "Br or “Br 

Molecular ions: M due to M + 2 due to M + 4 due to 
СТ + "Вг СІ + "Br "Cl + "Br 
or "Cl + "Br 
Intensities: 5 x .5 = (75 x .5) + (.25 x .5) = 25 x .5 = 
.375 5 .125 
Ratio of peak heights: 3 : 4 1 
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b. There are four molecular ions (М, М + 2, М + 4, М + 6) for а compound with 3 Br's. Тһе 
relative peak intensities are determined as in (а). 


M due to 


M + 2 due to 


M + 4 due to 


M + 6 due to 


PBr + "Br + "Br 


"Вг + "Br + "Br 
"Вг + "Br + "Br 
"Br + "Вг + Вг 


PBr + "Br + "Br 
"Br + Вг + “Вг 
"Br + “Вг + Вг 


"Br + “Вг + “Вг 


Intensities: .5 x .5 x .5 = | 3(.5 x .5 x .5) = 365 x .5 x .5)= 3(.5 x .5 x .5) = 
.125 .375 .375 .125 
Ratio of peak heights: 1: 3 3 1 


A.35 a. The fragment at m/z = 120 is due to the McLafferty rearrangement. 


H 
ONC он 
> = С?" 


епо! 
т/2 = 120 
Ь. 
H + 
2(9 EN (г он 
BLA (Жы 
о О 
m/z = 88 


fragment due to the 
McLafferty rearrangement 


c. Compounds need to have a Н atom on a carbon three atoms from the C=O to have а 
McLafferty rearrangement. Only A has a H atom for rearrangement. 


H atom on this C. 


CY 


A 
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Spectroscopy B Infrared Spectroscopy 
Chapter Review 


Electromagnetic radiation 

e The wavelength (№) and frequency (v) of electromagnetic radiation are inversely related by the 
following equations, where с is the speed of light: X = c/v or v = с/Х (B.1). 

e The energy (E) of a photon is proportional to its frequency; the higher the frequency, the higher the 
energy (Л = Planck's constant): E = hv (B.1). 


Infrared spectroscopy (IR, B.2-B.4) 
e [Infrared spectroscopy identifies functional groups. 
e ІК absorptions are reported in wavenumbers: 


wavenumber V VA | 


The functional group region, 4000-1500 cm”, is (һе most useful region of an IR spectrum. 
С-Н, О-Н, and М-Н bonds absorb at high frequency, > 2500 ст". 


• As bond strength increases, the wavenumber of an absorption increases; thus triple bonds absorb at 
higher wavenumber (i.e. higher energy) than double bonds. 


С-С С-С 
51650 ст”! “2250 ст”! 


Increasing bond strength 
Increasing v 


The higher the percent s-character, the stronger the bond, and the higher the wavenumber of an IR 
absorption (B.3B). 


| / 
—C -H =e. =C —H 
| H 
Csp?-H Csp?-H Csp—H 
25% s-character 33% s-character 50% s-character 
3000-2850 ст”! 3150-3000 ст“! 3300 ст”! 


——————————————Ón 


Increasing percent s-character 
Increasing v 


For carbonyl compounds, conjugation shifts а С-О absorption to lower wavenumber (B.3C). For 
cyclic compounds, a smaller ring size shifts a С=О absorption to higher wavenumber (B.4B). 


о Ó © 


1685 cm! 1715 ст“! 1745 ст“! 
conjugated С-О smaller ring size 
lower wavenumber higher wavenumber 
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Practice Test оп Chapter Review 


1. Which of the following compounds has peaks at 3300, 3000, and 2250 cm in its IR spectrum? 


({( = ай (= 


4. Compounds (1) and (2) have these peaks in their IR spectra. 
5. Compounds (1), (2), and (3) all contain these peaks in their IR spectra. 


2. Answer each question with the number that corresponds to one of the following regions of an IR 


spectrum. 


норо се 


1. 4000-2500 ст" 
2. 2500-2000 ст” 
3. 2000-1500 ст" 
4. < 1500 cm” 


This region is called the fingerprint region of an IR spectrum. 

The OH group of propan-1-ol absorbs in this region. 

The C=N of C,H,CH,CH=NCH, absorbs in this region. 

An unsymmetrical C=C absorbs in this region. 

An sp hybridized С-Н bond absorbs in this region. 

Ethyl benzoate (C,H;CO,CH,CH,) absorbs in all regions of the IR except this one. 


3. Answer True (T) or False (F). 


IR spectroscopy is useful for determining the molecular weight of a compound. 

А C-H bond that absorbs at 3140 cm” is stronger than a C-H bond that absorbs at 2950 cm”. 
But-2-yne shows an IR absorption at 2250 cm". 

Propan-1-ol shows an IR absorption at 3200-3600 спа". 

An ether shows no IR absorptions at 3200-3600 ог 1700 cm”. 


4. (a) Considering compounds A-D, which compound absorbs at the lowest wavenumber in its IR 
spectrum? (b) Which compound absorbs at the highest wavenumber in its IR spectrum? 


к or 


5. (а) Which compound absorbs at the lowest wavenumber in the IR? (b) Which compound absorbs at 
the highest wavenumber? 


о 
Н 
о. „О 
мн à 
о о 
о 
А в с D 
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Answers to Practice Test 


1.1 


2.а.4 3.a. F 4.a. B 
b. 1 b. T b. С 
c. 3 c.F 
d. 2 d.T 5.а. С 
е.1 е.Т b. A 
f. 2 


Answers to Problems 


B.1 


B.2 


B.3 


B.4 


Wavelength and frequency are inversely proportional. The higher frequency light will have a 
shorter wavelength. 

a. Light having ^ = 10^ nm has a higher v than light with X = 10*nm. 

b. Light having ^ = 100 nm has a higher v than light with Х = 100 mm. 

c. Blue light has a higher v than red light. 


The energy of a photon is proportional to its frequency and inversely proportional to its 
wavelength. 

a. Light having v = 10° Hz is of higher energy than light having v = 10* Hz. 

b. Light having ^ = 10 nm is of higher energy than light having Х = 1000 nm. 

c. Blue light is of higher energy than red light. 


Higher wavenumbers are proportional to higher frequencies and higher energies. 

a. IR light with a wavenumber of 3000 cm’ is higher in energy than IR light with a 
wavenumber of 1500 cm”. 

b. IR light having ^ = 10 mm is higher in energy than IR light having \ = 20 mm. 


Stronger bonds absorb at a higher wavenumber. Bonds to lighter atoms (H versus D) absorb at 
higher wavenumber. 


" = oi — " mcs Si 555 
E n | D 
stronger bond 


higher wavenumber lighter atom H 


higher wavenumber 
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В.5 


В.6 


B.7 


B.8 


B.9 


B.10 


As the percent s-character increases, bonds get shorter and stronger, and the wavenumber of the 


IR absorption increases. 
Sp hybridized C, 5096 s-character 


P X NS BISSE 


H sp? hybridized C, 33% s-character 
sp? hybridized C, 25% s-character 


Increasing bond strength: [2] < [3] < [1] 
Increasing bond length: [1] < [3] < [2] 
Increasing percent s-character: [2] < [3] < [1] 
Increasing wavenumber: [2] < [3] < [1] 


о ср 


Conjugation lowers the wavenumber of a С=О absorption. Increased resonance delocalization 
also lowers the wavenumber of the С=О absorption. 


О О 9) 
о О е) 
| 
М 
| l ' | А 
А B с D 
unconjugated ester conjugated amide 
highest wavenumber lowest wavenumber 


a. Compound A has peaks at ~3150 (sp^ hybridized C-H), 3000-2850 (sp! hybridized C-H), and 
1650 (С=С) сш". 
b. Compound B has а peak at 3000-2850 (5р’ hybridized С-Н) сш". 


Cyclopentane and pent-1-ene are both composed of C-C and C-H bonds, but pent-1-ene also has 
а С=С bond. This difference will give the IR of pent-1-ene an additional peak at 1650 cm” (for 
the C=C). Pent-1-ene will also show C-H absorptions for sp’ hybridized С-Н bonds at 
3150-3000 cm”. 


Use the principles in Answer B.6. 
о 
о 
с в А 
Compound X has two ethers, so it just has an absorption at 3000—2830 cm” for its өр” hybridized 


C-H bonds. Compound B has а C=O, so in addition to peaks at 3000-2850 ст, it should have 
а strong absorption at ~1700 cm”. 
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B.11 Look at the functional groups in each compound below to explain how each IR is different. 


О 
p о“ >— OH 
A B с 
С=О peak at -1700 ст”! С=С peak at 1650 ст“! О-Н peak at 3200-3600 ст”! 


Свр2-Н at 3150-3000 ст“! 


В.12 АП compounds show ап absorption at 3000-2850 cm” due to the sp’ hybridized С-Н bonds. 
Additional peaks in the functional group region for each compound are shown. 


9; ANNO q; ( yo 


no additional peaks С=О bond at ~1700 ст“! 


О 


CH30 Ñ „гё 
Б. он е. | 
Н 
E HO 
О-Н bond at 3600-3200 cm О-Н at 3600-3200 cm"! 


М-Н at 3500-3200 cm"! 


" а Csp?-H at 3150-3000 стг! 
i С=О at ~1700 ст“! 


Csp2-H at 3150-3000 ст”! C=C at 1650 ст”! 
C=C bond at 1650 cm" aromatic ring at 1600, 1500 ст” 
В.13 
О 
2 он 


Csp?—H at 3150-3000 ст”! 
Csp?—H at 3000-2850 ст“! 
C-O at -1700 ст“! 
C=C at 1650 ст“! 


О-Н above 3000 ст”! 
The OH of a COOH is much broader than 
the OH of an alcohol and occurs at 
3500-2500 ст“, 


B.14 Look at the functional groups that are removed during the reaction and the functional groups that 
are formed in the product. 


OH 
H20 
H2504 
C=C at ~ 1650 ст“! OH at 3600-3200 ст“! 
disappears. appears. 
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B.15 Possible structures аге (a) СН,СООСН,СН, апа (с) CH,CH,COOCH,. Compounds (b) and (d) 
also have an OH group that would give a strong absorption at -3600—3200 cm ', which is absent 
in the IR spectrum of X, thus excluding them as possibilities. 


B.16 


a. Hydrocarbon with a molecular ion at m/z — 68 


IR absorptions at 
3310 cm' = Csp-H bond 
3000-2850 ст! = Csp'-H bonds 
2120 ст ' = C=C bond 
Molecular formula: СН, 


B.17 
Csp?-H at 3000-3150 ст“! 
a. (ү Csp3-H at 2850-3000 ст“! 
С-С at 1650 ст“! 
B.18 


, т T а 


stronger bond 
higher V absorption 


b. Compound with C, H, and O with a molecular 


ion at m/z = 60 

IR absorptions at 3600-3200 cm = О-Н bond 
3000-2850 сп! = Csp.-H bonds 

Molecular formula: СНО 


NOH а 
or 


О-Н at 3200-3600 ст”! 


Csp?—H at 3000-3150 ст“! 
b. OH сор3-Н at 2850-3000 ст“ 
C=C at 1650 ст”! 


H 
b. = ог Xu C. (он ог ( n 
| N S | | 
stronger bond 
higher v absorption 


stronger bond 
higher V absorption 


B.19 Locate the functional groups in each compound. Use Tables B.1 and B.2 to determine what IR 


absorptions each would have. 


Csp-H at 3300 ст“! 
Csp?—H at 2850-3000 ст”! 
С-С at 2250 ст“! 


О-Н at 3200-3600 ст”! 
Csp?—H at 2850-3000 ст“! 


e Ed d Csp?-H at 2850-3000 ст”! 
C=O at 1700 ст”! 


о 


О 
О-Н at > 3000 ст“! 
OH Сзр?—Н at 3000-3150 ст“! 
d. С=О at -1700 ст”! 


phenyl group at 1600, 1500 ст“! 


The OH of the RCOOH is even broader than the OH 
of an alcohol (3500-2500 стг!) 
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B.20 a. Use Tables B.1 and В.2 to identify the IR absorptions. 
H , — Csp-H at 3300 ст” 


= -1 
Csp?-H at 3150-3000 ст”! || да CECA 2250-e 
= „он—— ОН at 3600-3200 ст“! 


С-О (1740 К. 


О 


conjugated С=О 


1 1 ғ! 
benzene at 1600, 1500 cm at < 1700 cm"! 
HO о 
LT 
| estrone  Csp2.H at 3150-3000 ст“! H C=C at -1650 ст”! 


ОН at 3600-3200 ст”! etonogestrel 


b. The С=О in estrone is at a much higher wavenumber than the С=О in etonogestrol, which is 
both conjugated and located in a larger ring. 


B.21  a.Use Tables B.1 and В.2 to identify the IR absorptions. 


(3 — осн | 
ang Er OCH 


C=C bond C=C bond 
4 E 
1650 cm 2250 cm no C-O bond C-O bond 
Свр2-Н at 3150-3000 ст“! Csp-H at 3300 ст”! -1700 ст”! 
о 
зар а «йб | Зе с, ан 
P У. m i апа “5 ТҚ ы 
он OCHs === 2 
О-Н bond 
no О-Н bond 
ОН at 3500—2500 ст”! Gsp- Pond 
3300 ст” 
5 EX ы * 
В.22 The IR absorptions above 1500 cm аге different for each of the narcotics. 
HO 
© yY [9] ж O 
О 
o О О 
М О М М 
\ p N OH N 
HO о о 
morphine heroin oxycodone 
“О-Н bond at “С-О bond at “С-О bond at 
-3200-3600 ст”! -1700 ст”! -1700 ст”! 
• no C-O bond • no О-Н bond “О-Н bond at 
~3200-3600 ст“! 
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B.23 Use the information in Answer В.б. 


шу Жүз gus ad 


A B с 


a. С absorbs at the highest wavenumber because the С=0 is located in а five-membered ring and 


is not conjugated. 


b. A absorbs at the lowest wavenumber because the С=0 is located in а six-membered ring and 


is conjugated. 


B.24 Use the information in Answer B.6. 


О О 
о. „О О 
А с B 


D 
lowest wavenumber highest wavenumber 


В.25 Тһе three compounds show differences in their IR spectra. 


( у= = Е 


сусіоһехапопе cyclohex-2-enol cyclohexanol 
C=O at ~1700 ст”! C=C at -1650 ст“! О-Н at ~3200-3600 ст”! 
О-Н at -3200-3600 ст“! 
Csp?—H at -3150—3000 ст”! 


B.26 Look for a change in functional groups from starting material to product to see how IR could 


be used to determine when the reaction is complete. 


H2 Loss of the C=C will be visible in the IR 


а “Мм БА ” AO MUT by disappearance of the peak at 1650 cm. 
on PCC Q Loss of the O-H group will be visible in the IR 
b. ===. by disappearance of the peak at 3200-3600 cm 
and appearance of the C=O at ~1700 cm. 
с ( 11 Оз C» Loss of the С-С will be visible in the IR 
: == =. о + O-4 by disappearance of the peak at 1650 cm"! 

вв and appearance of the С=О at ~1700 ст“. 
4 oe ro o Loss of the О-Н will be visible in the IR 

2] CH3Br N by disappearance of the peak at 3200-3600 cm”. 


B.27 In addition to Csp/-H а(-3000-2850 ст: 


Spectrum [1]: Spectrum [2]: 


HO о 
ee (D) T iud (B) 
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OH at 3600-3200 cm” No other peaks above 1500 ст" 
Spectrum [3]: Spectrum [4]: 
О О L 
баба им me p i 
OH at «3500-2500 ст" C=O at ~1700 cm” 


C=O at ~1700 сш" 


В.28 
а. Compound with a molecular ion at m/z = 72 c. Compound with a molecular ion at m/z = 74 
IR absorption at 1725 cm = C=O bond IR absorption at 3600-3200 cm = О-Н bond 
Molecular formula: СНО Molecular formula: C,H,,O 
0 он 
pw or Ион 
он 
b. Compound with a molecular ion at m/z = 55 P 27 P 


The odd molecular ion means an odd number 

of N's present. Molecular formula: СНМ 

IR absorption at 2250 cm“ = С=М bond 
Nw 


B.29 


Chiral hydrocarbon with a molecular ion at m/z — 82 
Molecular formula: СН, 
IR absorptions at 3300 сп = Csp-H bond 
3000-2850 сп! = Сгр—Н bonds 
2250 ст = C=C bond 


Two possible enantiomers: 
—— * 
Ж \ 


stereogenic center H 
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B.30 Тһе chiral compound Y has a strong absorption at 2970-2840 cm in its IR spectrum due to sp” 
hybridized C-H bonds. The two peaks of equal intensity at 136 and 138 indicate the presence of 
a Br atom. The molecular formula is C,H,Br. Only one constitutional isomer of this molecular 
formula has a stereogenic center: 


two possible enantiomers 
B.31 Тһе molecular ion of 192 suggests C,,H,.O, as a possible molecular formula. The IR absorption 


at 1721 ст is due to a С=О, and the absorptions around 3000 cm аге due to Ср—Н and С»— 
H. The compound is an ester, formed in the following manner. 


4 E А 


C12H1602 


О 
m/z = 92; molecular formula C7Hg 
H Zn(Hg) IR absorptions at: 
НСІ 3150-2950 ст“! = Сзр?-Н and Csp?-H bonds 
1605 ст“! and 1496 cm"! due to phenyl group 
2 


В.32 


В.33 


Р 
буе м — MM! —1 174. „, TK 
+ :вг 


+ H20 


B.34 The molecular ion of 144 suggests СНО, as a possible molecular formula for X. The IR 
absorption at 1739 cm ' is due to a C=O, and the absorptions at less than 3000 cm are due to 


Ср-Н. 
зе ov № на 22 — Ау с Өріс 


о О 
2-methylpropan-1-ol CsH1602 


possible structure 
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B.35 
О 
Fragments: 
Pp у poe О Ont 
ЭА а б 
J 
Сено а cleavage product a cleavage product 
m/z = 100 m/z - 43 m/z -85 
IR absorption at 2962 ст“! = Сәр3-Н bonds = " " 

1718 cm"! = С=О bond The fragment at m/z = 57 could be due to (СаНо) or (СзНБО)”. 

B.36 
NH2 
re 
On ғалам © ae © 
K L 
С7НвО т/2 =105 m/z = 77 
C7HoN m/z =106 
m/z = 107 
IR absorptions at 3373 and 3290 ст“! = М-Н IR absorption at 3068 cm"! = Csp?-H bonds on ring 

3062 ст“! = Csp?—H bonds 2820 ст“! and 2736 ст“! = C-H of RCHO (Appendix б) 

2920 ст“! = Csp?—H bonds 1703 ст“! = С-О bond 

1600 ст“! = benzene ring 1600 ст“! = aromatic ring 

The odd molecular ion indicates the 
presence of a N atom. 

В.37 


Possible structures of P: 


ci СІ 
Gl; 

CH30 --- (СНО Cl or  CH4O or СНО 
FeCl; 


C;H;CIO 


m/z - 142,144 
IR absorption at 3096-2837 cm"! = Csp?—H bonds and Csp?-H bonds 


1582 ст”! and 1494 ст“! = benzene ring 


The peak at M + 2 shows the presence of Cl or Br. Since Cl? is a 
reactant, the compound presumably contains CI. 


B.38 The mass spectrum has a molecular ion at 71. The odd mass suggests the presence of an odd 
number of N atoms; likely formula, C,H,N. The IR absorption at ~3300 cm” is due to М-Н and 
the 3000-2850 cm ' is due (о өр” hybridized С-Н bonds. 


Ма еи EE ——- ры + NaBr + H5 
| .. 

46) DM 

2 У 

= + Ма" жн; 


Na*H: 


B.39 КСОСІ should absorb at higher wavenumber than RCO,R' because СІ is less basic than ОК”, 
making RCOCI less resonance stabilized than RCO,R'. 
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B.40 Intramolecular hydrogen bonding gives the C=O of methyl salicylate more single-bond 
character, lowering the wavenumber of the С=О absorption. 


OCHs OCH; 
о: ог 
он о-н 


methyl salicylate 
v = 1680 ст" 


B.41 Ifa ketone carbonyl absorbs at lower wavenumber than an aldehyde carbonyl, the ketone 


carbonyl is weaker and has more single bond character. This can be explained by the fact that R 
groups are electron donating and stabilize an adjacent (+) charge. 


X, X, 


R R R «^R R H R + H 
ketone | 
The two R groups stabilize the (+) charge, so this One Б group stabilizes the (ғ) 
form contributes more to the hybrid than the charge less. 
charge-separated resonance form of an 
aldehyde. 


As a result, the charge-separated resonance form of a ketone, which contains a С-О single bond, 
contributes more to the hybrid of a ketone, making the С-О weaker and shifting the absorption 


to lower wavenumber. 


B.42 
PCC PCC 
О 
a, b. F all = 
о Маососнз OH + O~Cr-OH 
| s о 
А : В 


molecular ion at 154 citronellol 
CioHigO 
IR at 1730 ст“! (C=O) | 
9 РСС "E "m " у 
= .. + 
«Т E 
< о FO v OH OH БН y 
H О .. 
A” N LAT S 
isopulegone :B Қ P 


+ С* + H-B 
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8, C. У Б — 5 — — > " ET 
о о 5 
f^ “H 
HO: = pee 
22 :. H— OH 
+ Mu We Т B 


isopulegone нб: 


В.43 Because the ring О atom in Y is bonded to both а С-О and а С=С, two additional resonance 


structures can be drawn. 
4 9 р (> E 
va =Q: 


This makes the lone pair on the ring O less available for donation to the С=О, so the С=О has 
less single-bond character than the C=0 in X. As a result, Y absorbs at higher wavenumber than 
X. 
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Spectroscopy C Nuclear Magnetic Resonance Spectroscopy 


Chapter Review 


'H NMR spectroscopy 
[1] The number of signals equals the number of different types of protons (C.2). 
о о 
сна “сн; CHs - CH; — CI сна“ "CH3CHs 
На На На Hp На Њ Не 
all equivalent H's 2 types of H's 3 types of H's 
1NMR signal 2 NMR signals 3 NMR signals 


[2] The position of a signal (its chemical shift) is determined by shielding and deshielding effects. 
e Shielding shifts an absorption upfield; deshielding shifts an absorption downfield. 
e Electronegative atoms withdraw electron density, deshield a nucleus, and shift an absorption 


downfield (С.З). 
X 
This proton is shielded. This proton is deshielded. 
Н-- Its absorption is upfield, H = Its absorption is farther downfield, 
0.9-2 ppm. 2.5-4 ppm. 


e Loosely held т electrons can either shield or deshield a nucleus. Protons on benzene rings and 
double bonds are deshielded and absorb downfield, whereas protons on triple bonds are shielded 


and absorb upfield (C.4). 
H 
СУ = ==—н 
Н 
deshielded Н shielded H | 
downfield absorption upfield absorption 


[3] The area under an NMR signal is proportional to the number of absorbing protons (C.5). 


[4] Spin-spin splitting tells about nearby nonequivalent protons (C.6-C.8). 

e Equivalent protons do not split each other's signals. 

e A set of n nonequivalent protons оп the same carbon or adjacent carbons split an NMR signal 
into + 1 peaks. 
OH and NH protons do not cause splitting (C.9). 
When an absorbing proton has two sets of nearby nonequivalent protons that are equivalent to 
each other, use the п + 1 rule to determine splitting. 

e When an absorbing proton has two sets of nearby nonequivalent protons that аге not equivalent 
to each other, the number of peaks in ће NMR signal = (n + 1)(m + 1). In flexible alkyl chains, 
peak overlap often occurs, resulting in n + m + 1 peaks in an NMR signal. 
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"С NMR spectroscopy (C.11) 
ІП The number of signals equals the number of different types of carbon atoms. АП signals are single 
lines. 


[2] The relative position of "C signals is determined by shielding and deshielding effects. 
e Carbons that are өр” hybridized are shielded and absorb upfield. 
e Electronegative elements (М, О, and X) shift absorptions downfield. 
e The carbons of alkenes and benzene rings absorb downfield. 
e Carbonyl carbons are highly deshielded, and absorb farther downfield than other carbon types. 


Practice Test on Chapter Review 


1.a. Which of the following statements is true about 'H NMR absorptions? 

1. А signal that occurs at 1800 Hz оп a 300 MHz NMR spectrometer occurs at 3000 Hz on a 
500 MHz NMR spectrometer. 
A signal that occurs at 3.3 ppm on a 60 MHz NMR absorbs at 198 Hz upfield from TMS. 
A signal that occurs at 600 Hz is downfield from a signal that occurs at 800 Hz. 
Statements (1) and (2) are both true. 
Statements (1), (2), and (3) are all true. 


Which of the following statements is true about 'H NMR spectroscopy? 

1. Hlectronegative elements shield a nucleus so an absorption shifts downfield. 

2. А triplet is due to a proton that has four adjacent nonequivalent protons. 

3. Circulating т electrons create a magnetic field that reinforces the applied field in the vicinity of 
the protons in benzene. 

4. Statements (1) and (2) are both true. 

5. Statements (1), (2), and (3) are all true. 


2. How many different types of protons does each of the following molecules contain? 


27 
ММ 
а. pu " Баш А. g. d pa 
О 
Уу ж-- ТЕ pr 
b. о а. ЕРТЕ f. >” һ. | 
СІ e Bf f YT 


3. Into how many peaks will each of the circled protons be split in a proton NMR spectrum? 
ж о © H 
a. с. е. 9. == 
PSG Ons Б o 
b. in d. ехе f. ги 


Ме 
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4. How many lines are presents in the "C NMR spectrum of each compound? 


» сњо с P SIS & C 
о 


О 
py ИТ УЫ " PCM E n 
о 


5. With reference to the 'H NMR absorptions in the following compound, (а) which proton absorbs 
farthest upfield; (b) which proton absorbs farthest downfield? 


Ha Hp Ha 
о He 
6. With reference to the "C NMR absorptions in the following compound, (a) which carbon absorbs 
farthest downfield; (b) which carbon absorbs farthest upfield? 


C, О 
Кы 
p ЫС 
Са 
Answers to Practice Test 
1.а.1 28-5 З.а. 8 4.а. 6 5.a. H, 6.a. C, 
b. 3 b.5 b. 3 b. 4 b. H, b. C, 

с. 4 с.7 с.6 

а.5 а.4 а.4 

е.4 е.4 е.4 

f.5 f.3 f.5 

g.3 g.8 


һ.9 


Answers to Problems 


СЛ  Usethe formula 6 = [observed chemical shift (Hz)/v of the NMR (MHz)] to calculate the 
chemical shifts. 


а. СН; protons: OH proton: b. The positive direction of the à scale is downfield 
6 = [1715 Hz] / [500 MHz] ô = [1830 Hz] / [500 MHz] from TMS. The СН; protons absorb upfield 
= 8.43 ppm - 3.66 ppm from the OH proton. 


C.2 Calculate the chemical shifts as in Answer C.1. 


a. one signal: second signal: b. one signal: second signal: 
ò = [1017 Hz] / [300 MHz] ô = [1065 Hz] / [300 MHz] 3.39 = [x Hz] / [500 MHz] 3.55 = [x Hz] / [500 MHz] 
= 3.39 ppm =3.55 ррт X =1695 Hz x = 1775 Hz 
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С.З То determine if two H's are equivalent replace each by an atom X. If this yields the same 
compound or mirror images, the two H's are equivalent. Each kind of H will give one NMR 


signal. 
OH 
+ У с мит е. Жый Be “7 
2 kinds of H's S of Пё 4 kinds of H's 4 kinds of H's 
2 NMR signals signals 4 NMR signals 4 NMR signals 
О 
Б а d. E M f h. о о 
© o7 ыт аа ы МУ x < 
2 kinds of H's amas of n 8 kinds of H's 
2 NMR signals signals 8 NMR signals 5 kinds of H's 
5 NMR signals 


C.4 Draw in all of the H's and compare them. If two H's аге cis and trans to the same group, they 
are equivalent. 


а. 4identical H's b. | | с 
H H H Ru 
Њ Ha Х À 
ps. | / . ae wr А С 
H CH3 ч a CH3<— Н, Hp CH3 кран СНз Hp 
СНз 57 
Н 
СНз 22 ы M ü 
H Hp Е 
Н 
Нь 2 NMR signals 4 ММБ signals 3 NMR signals 
С.5 
Ha Не He На На Hp 
с е Н 
а. ku ЊЕ b. ш. ons Я | А " 
Нь” " Hr Hp аа На ! i в 
b 
HŽ He Hr 
6 NMR signals 7 NMR signals 6 NMR signals 
C.6 
Ha 
њој , 
Нь B Ha Ha 
а. Не b. Ш с. 
Hc 
н | QE "sg | њ HR | 
Ha На = EIE На о Нь Hp 
3 NMR signals 4 NMR signals 6 NMR signals 3 NMR signals 


C.7  Ifreplacement of H by X yields the same compound, the protons are homotopic. 
If replacement of H with X yields enantiomers, the protons are enantiotopic. 
If replacement of H with X yields diastereomers, the protons are diastereotopic. In general, if 
the compound has one stereogenic center, the protons in a CH, group are diastereotopic. 
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ТЕ. OH CH3 H H < replacement 
` A of H with X 
a. КЕ. КЕ © - C—C 
Ho"4 
H | CH2CH3 
replacement 
of H with X Pick one configuration at the existing 
stereogenic center. 
XH о Hx 9 
P po ы CHs H х CH3 x H 
\ » N » 
:6==<6 ее; 
enantiomers = но“ \ но“ \ 
enantiotopic H's H СН2СНз H CH2CH3 


diastereomers = 
diastereotopic H's 


H H 


| replacement H 


of either H with X replacement 
of H with X 


хн Бат P 


no stereogenic center x H Hx 


homotopic H's 
diastereomers - 
diastereotopic H's 


C.8 Тһе two protons of a CH, group are different from each other if the compound has one 
stereogenic center. Replace one proton with X and compare the products. 


a. Тһе stereogenic center makes the H's in the CH2 b. с. 
group diastereotopic and therefore different from 
each other. Н. and H stereogenic На and Не 
stereogenic 5 m H center Br | 
center CI бо а Hg 
bow ET с! ХХ bp Ha РА 
— a xc жн 
Y И-ь ты, 
stereogenic Hp and He 
Hp and He center 

5 NMR signals 5 NMR signals 7 NMR signals 


C.9 Decreased electron density deshields a nucleus and the absorption goes downfield. Absorption 
also shifts downfield with increasing alkyl substitution. 


а. ЕСН;СН-СН-СІ с. CH3OC(CH3)s 
F is more electronegative than СІ. Тһе СН» group The СНз group bonded to the О atom 
adjacent to the F is more deshielded and the H's will will absorb farther downfield. 


absorb farther downfield. 


b. CH3CH2CH2CH20 CH; 
The СН» group adjacent to the О will absorb farther 
downfield because it is closer to the electronegative 
O atom. 


Chapter С-6 
С.10 
О 
ПО T" pw 
a. а СУ ng b. „°ч Hc с. = Не 
H H H 
У | НЯ | H | У 
н, с Ha 
3 types of protons: 3 types of protons: 3 types of protons: 
Hp < He « Ha He < Ha < Hp He < Ha < Hp 


С.11 


and the absorption shifts upfield. 
b. True. 


a. False. When a nucleus is strongly shielded, the effective field is smaller than the applied field 


c. False. A nucleus that is strongly deshielded requires a higher field strength for resonance. 
Alternatively, a nucleus that is strongly shielded requires a lower field strength for resonance. 

d. False. A nucleus that is strongly shielded absorbs at a smaller 6 value. Alternatively, a nucleus 
that is strongly deshielded absorbs at a larger 6 value. 


C.12 


у He 


b 


Не protons are shielded because they are bonded to an 
3 

sp? C. 

H; is shielded because it is bonded to an sp C. 

Н, protons are deshielded because they are bonded to 

an sp? C. 


He < Ha < Hp 


b. СН; OCH2CH3 
Ha Hp He 
He protons are shielded because they are bonded to an sp? C. 
Ha protons аге deshielded slightly because the CH3 group is bonded to 
a C=0. 


H, protons аге deshielded because the СН» group is bonded to an O 
atom. 


He < Ha < Hp 


C.13 An integration ratio of 2:3 means that there are two types of hydrogens in the compound and that 
the ratio of one type to another type is 2:3. 


аа ^^ b. <N 
2 types of H's 2 types of H's 
3:2 - YES 6:2 ог 311 - no 
С.14 
downfield absorption 
closer to O 
CH302CCH2CH2CO2CH3 
A 


ratio of absorbing signals 2:3 


Signal [1] = 4H = 2.64 
Signal [2] = 6 H = 3.69 <——— 6 H's with 
downfield absorption 


c КА 


а. Баты а 


2 types of H's 


2 types of H's 
6:4 or 3:2 - YES 


6:4 or 3:2 - YES 


downfield absorption 
closer to O 


CH3CO2CH2CH202CCH3 


B 
ratio of absorbing signals 3:2 


Signal [1] = 6 H = 2.09 
Signal [2] = 4 H = 4.27 


4 H's with 
downfield absorption 


С.15 
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To determine the splitting pattern for a molecule: 
e Determine the number of different kinds of protons. 
e Nonequivalent protons on the same C or adjacent C's split each other. 


e Apply the n + 1 rule. 


О 


CH3CH> с! 


|| 


Ha Hg 


На: 3 peaks: triplet 
Hp: 4 peaks: quartet 


Ha: 2 peaks: doublet 
Hp: 4 peaks: quartet 


C.16 Use the directions from Answer C.15. 


€ CH3 Ea 


Ho Ha 
e. B 
H^ Hp 
На: 2 peaks: doublet 
Hp: 2 peaks: doublet 


Ha Hp He 


Ha: 1 peak: singlet 
Hp: 3 peaks: triplet 
Hc: 3 peaks: triplet 


/ 
о о— 
Н == H СІ 
а. — f ССН» H 
Br H-— Hp 
Ha Hp 


На: 2 peaks: doublet 
Hp: 2 peaks: doublet 


На: 2 peaks: doublet 
Нь: 3 peaks: triplet 


На Ha 
| На О 
а. C A На: quartet с. A H-—Hp На: doublet 
| О | 4 inb d | Hp: quartet 
signals i 
d нь 2 NMR signals 
H 
e n CI О 
О Ha and На are both singlets. PW :tri 
b. vig ~ 5 еби d- б Uu. ampel 
| | \ Нь: triplet | | | Нь: doublet 
He triplet H Не: singlet 
На He На 4 NMR signals Ha Hp 3 NMR signals 


C17 CHCHCI 


chemical shift (ppm) 


There are two kinds of protons, and they can split 
each other. The CH, signal will be split by the CH, 
protons into 2 + 1 = 3 peaks. It will be upfield 
from the CH, protons because it is farther from the 
Cl. The CH, signal will be split by the CH, 
protons into 3 + 1 = 4 peaks. It will be downfield 
from the CH, protons because the CH, protons 

are closer to the Cl. The ratio of integration units 
will be 3:2. 


Chapter С-8 
С.18 
О Н -— Нь 
а оќ b. HAS c 
H 
| кл 
split by 6 equivalent H's Hc 
GT 7 peaks Ha: split by 2 H's 
3 peaks 
Не: split by 4 equivalent H's 
5 peaks 


Hp: split by 2 sets of H's 
Since this is a flexible alkyl chain, the signal due to Нь 
will have peak overlap, and 
3+2+1=6 peaks will likely be visible. 


C.19 


О XH 
а је Не р. Т с. 


$ } 

На Hp Hp 
Ha: singlet at ~3 ppm 
Hp: quartet at ~3.5 ppm 
Нс: triplet at ~1 ppm 


На: triplet at ~1 ppm 
Ны: quartet at -2 ppm 
Не: septet at ~3.5 ppm 
На: doublet at ~1 ppm 


CI Br Н” H H-— Hp 
Pm d. == 
На” Н H< Hp Вг Н -—H, 
На: split by 1H На: split by 2 different H's 
2 peaks (1+1)(1+1) = 4 peaks 


Нь: split by 2 different H's 
(1+1)(1+1) = 4 peaks 

Hc: split by 2 different H's 
(1+1)(1+1) = 4 peaks 


Hp: split by 2 sets of H's 
(1+ 1)(2 + 1) = 6 peaks 


| У“ 


ағ нә аж \_/ * 
} } } } Ha хх Ha 
Ha Hp Hp Ha He 


На: triplet at ~1 ppm 
Hp: multiplet (8 peaks) at ~2.5 ppm 
Не: triplet at ~5 ppm 


Ha: singlet at -3 ppm 
Нь: triplet at ~3.5 ppm 
Не: quintet at -1.5 ppm 


C.20 
Hp 
Splitting diagram for Hp 
Hp d 
iie „г сі | -Jab = 13.1 Hz 1trans Ha proton splits Hp into 
^ 1+1=2 peaks 
HH Hc Je, un a doublet 


c 
2 He protons "duc 


trans-1,3-dichloropropene 


2 Не protons split Hp into 
2+1=3 peaks 
Now it's a doublet of triplets. 


AA A 
Ut e 7.2 Hz 
C.21 
CI Н = Нь СІ H= doublet 
= C3H4Cl2 = 
СІ =н, singlet СІ н=— doublet 
A B 
На: 1.75 ppm, doublet, 3 H, J = 6.9 Hz signal at 4.16 ppm, singlet, 2 H 
Нь: 5.89 ppm, quartet, 1H, J = 6.9 Hz signal at 5.42 ppm, doublet, 1H, J = 1.9 Hz 
| ма signal at 5.59 ppm, doublet, 1Н,./-1.9 Hz 


Nuclear Magnetic Resonance Spectroscopy С-9 


C.22 OH (or NH) protons do not split other signals and are not split by adjacent protons. 


singlet 


BU 


singlet 


3 NMR signals 


C.23 


Ha 


5 H's on 
benzene ring A 


C.24 


palau'amine 


C.25 


b. үз с. 


6 peaks (resulting from peak 


12 peaks (maximum) 


doublet 


triplet — triplet singlet 


NH2 
singlet 
7 peaks 
3 NMR signals 


overlap) 


4 NMR signals 


H,: doublet at ~1.4 due to the CH, group, split into two peaks 
by one adjacent nonequivalent Н (H ). 

Н,: singlet at ~2.7 due to the OH group. OH protons are not 

split by nor do they split adjacent protons. 

Н: quartet at ~4.7 due to the CH group, split into four peaks 

by the adjacent CH, group. 

Н: multiplets at ~7.2–7.4 due to five protons on the benzene 
ring. 


H;: one adjacent nonequivalent Н, so two peaks 

Н,: one adjacent nonequivalent Н, so two peaks 

H.: Н, is located on a N atom, so there is no splitting and it 
appears as one peak. 

Н: H, has one nonequivalent Н on the same carbon and one 
on an adjacent carbon, so it is split into (1 + 1)(1 + 1) 24 
peaks (a doublet of doublets). 


Ha qnm Т 
а. о 


а 
апа x оќ 


Both compounds would show four ММК signals but the ММК of 
compound A has a quartet and triplet for Нг and Hg, 
respectively, whereas В has two singlets for Н- and На. 


Она 
Њ 
Би Ha апа ^ x 
A He На ннн Ha 
Ha C ч 


Both C and D would have four NMR signals. In C, the He 
absorption, which would be in the 3-4 ppm region because of 
the nearby OH group, would appear as a triplet, whereas the He 


absorption in D (also in the 3-4 ppm region), would be a quintet. 


HT ЕЧ 
| ; а 12; He 
e and о и © 


7 Hb Ha 7 Hb Ha 
На n H 


E F 


Both E and F would have four NMR signals but the Hp 
signals would be in different regions. In both compounds 
Hp would appear as a septet because of the 6 Ha protons, 

but in E that septet would be at ~ 2.5 ppm and in F it 

would appear downfield at 3—4 ppm. 
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С.26 Use these steps to propose a structure consistent with the molecular formula, IR, апа NMR data. 
Calculate the degrees of unsaturation. 

Use the IR data to determine what types of functional groups are present. 

Determine the number of different types of protons. 

Calculate the number of H's giving rise to each signal. 

Analyze the splitting pattern and put the molecule together. 

Use the chemical shift information to check the structure. 


+ Molecular formula C7H1402 
2n+2=2(7)+2=16 
16 – 14 = 2/2 = 1 degree of unsaturation 
1x bond or 1 ring 
+ IR peak at 1740 ст“! 
C=O absorption is around 1700 ст“! (causes the degree of unsaturation). 
No signal at 3200-3600 ст“! means there is по О-Н bond. 


• NMR data: absorption |ppm | relative area 
singlet 1.2 ӨС сея > 9H's 
triplet 13 3 -------- > 3 H's (probably a CH3 group) 
quartet 41 2" aibi > 2H's (probably а CH» group) 


* 3 kinds of H's 
* number of H's per signal 


Because the sum of the relative areas equals the number of 
absorbing H's (9 + 3 + 2 = 14), the relative area shows the 
47: actual number of absorbing H's: 9 H's, 3 H's and 2 H's. 
* splitting pattern 
СНз 
І 
= | — CH3 
СНз 
Тһе СНз and СН» groups split each other: CH3- CH; — 


The singlet (9 H) is likely from a tert-butyl group: 


* Join the pieces together. о 


оће |. hod 


Pick this structure due to the chemical shift data. 
The СН» group is shifted downfield (4 ppm), so it 
is close to the electron-withdrawing O. 


C.27 
e Molecular formula: СНО № Calculate degrees of unsaturation 
2п +2 = 2(3) +2 = 8 
8 — 8 = 0 degrees of unsaturation 
e IR peak at 3200-3600 ст № Peak at 3200-3600 cm’ is due to ап О-Н bond. 


• NMR data: 
zs 3t f H' 
e doublet at ~1.2 (6 H) аи а split by 6 H's 
e singlet at -2.2 (1 H) from the О-Н proton —> singlet from 1H 


doublet from 6 H's 4— split by 1H 
ө серісі at ~4 (1 H) 


> Put information together: 


wok 


С.28 Identify each compound from the 'H NMR data. 


O  H H-—— triplet 


а. сњ=снсосњ — S e т at 3.6 
3 
H H 
singlet | 
A triplet 
at 3.05 
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singlet 
at 2.5 


о 7 singlet 


at 1.3 
| (CH3)2C=0 H20 singlet 


С.29 Each different kind of carbon atom will give a different "C NMR signal. 


с, Са 
+ О 
АЙ р. Р" и с. 
ШЕ 9 
Са с, Each C is different. 
4 kinds of C's 
2 kinds of C's 


д 5C NMR signals 
2 5C NMR signals 


C.30 
Hp 
CI 
CI CI CI 
= у қау” 
RN | | 
На 2 different H's Ha Ha 
Ha and Hp 
4 'H NMR signals 21Н NMR signals 
C, 
с! | 
b. P CI CI S SA CI 
Ж N 
"e C Са 
Each С is different. a 
3 kinds of C's 2 kinds of C's 


3 C NMR signals 2 5C NMR signals 


same groups on both sides of O 


\ аї 3.8 
singlet 
at 2.2 
Cg Cp 
Џ Џ 
АҒЫТУ ка а E 
Џ я } "- 
ба“ ы об с, Еасһ c is different. 
4 kinds of C's 


i 4 5C NMR signals 
3 kinds of C's 


3 C NMR signals 


TEN El. CI 


all H's identical 


З1Н NMR signals 1'H NMR signal 


CI СІ CI 
ux 2 а Ж. 
2 Ch E C 
Each C is different. а 
3 kinds of C's 2 kinds of C's 


3 C NMR signals 2 5C NMR signals 


c. Although the number of "C signals cannot be used to distinguish these isomers, each isomer 
exhibits a different number of signals in its 'H NMR spectrum. As a result, the isomers are 


distinguishable by 'H NMR spectroscopy. 


C.31 


These 2 C's are different because they are cis 


7 and trans to different groups. 


Every carbon is different so there are 10 
lines for the 10 C atoms. 
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C.32 Electronegative elements shift absorptions downfield. The carbons of alkenes, benzene rings, 
and carbonyl groups are also shifted downfield. 


Br | О 
О Вг У 
5 Т E 2 Е ШЕ: E Q 


à | 
The С closer. The C of the СВг> group has two The carbonyl carbon is The C atom that is part of 
to the electronegative O bonds to electronegative Br atoms highly deshielded and the double bond will 
will be farther downfield. and will be farther downfield. will be farther downfield. be farther downfield. 
C.33 
a. In order of lowest to highest chemical shift: b. In order of lowest to highest chemical shift: 
OH О 
Va PASA 
T сы! с„ pio * с 
Cus 506. Сы Ф 
С,<С,< 
Са< Ca < Ce < Cy a <C< С; 
C.34 
+ molecular formula СдНаО> 
2п + 2 =2(4) + 2-10 А 
10 – 8 = 2/2 = 1 degree of unsaturation C ) 
+ no IR peaks at 3200-3600 or 1700 ст”! О 
no О-Н ог C=O 
+ 'H NMR spectrum at 3.69 ppm | тох 
only опе kind of proton This structure satisifies all the data. 
The ring is one degree of 
. 8C NMR spectrum at 67 ppm unsaturation. All carbons and 
only one kind of carbon protons are identical. 
C.35 
О 
pue он 
+ molecular formula СаНао • molecular formula C4HgO 
2n+2=2(4)+2=10 2n+2=2(4)+2=10 
10 — 8 = 2/2 = 1 degree of unsaturation 10 – 8 = 2/2 = 1 degree of unsaturation 
. ЗС NMR signal at > 160 ppm due to - all ЗС NMR signals at < 160 ppm 
C-O NO C-O 
C.36 
Hs Hp Hp Ha 


а и 4 = | 
H HCH; CH H H 
р x CH 
А Ax = uus Ane 
cs DS Hr 
На H H 


H H p 
o 
TUE LN 


нон На 
4° С 
А Hc Hc B He 
a. 4'H NMR signals а. 6 'Н NMR signals 
b. 5 ЗС NMR signals (including the 4° C) b. 7 C NMR signals (including the carbonyl С) 


C.37 
Ha 
нон 
о сн] 
Вг 
Нн | ,H не, Ha 
P uc 
c HH 
Hc 


а. 4 'Н NMR signals 

b. На: 1 adjacent H, so 2 peaks 
Hp: 2 adjacent H's, so 3 peaks 
Не: З adjacent H's, so 4 peaks 
Hg: 2 adjacent H's, so 3 peaks 


C.38 Use the directions from Answer C.3. 


и ш 
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Hc 
H H 
Hie u = На 
E Be H=— He 
Hp 
D 


а. 5 'Н NMR signals 
b. На: singlet 
Hp: 2 adjacent H's, so 3 peaks 
Нс: 2 adjacent H's, so З peaks 
Hg: 1 nonequivalent Н on the same C, so 2 peaks 
He: 1 nonequivalent H on the same C, so 2 peaks 


Ба 


он— Не " 
ње В" 9 Hp 
2 kinds of H's 3 kinds of H's í 1 не“ а 
p Ha Нь two different H's He 
И SNS о 
5. О е. ХМ МАХ Наапа Не 3 kinds of H's 
7 kinds of H's 3 kinds of H's 6 kinds of H's 
22.22 Hc == Ha 
На | о two different Н5--- --н, 
с f. ш. p j  опеасћс _„ " 
ТТ H — — На Ha and Нь—= Fig: н, Heand Ha I 
5 kinds of H's Br n қ а 
4 kinds of H's ыы 4 kinds of H's 
C.39 
equivalent 
О H | | 
а. T / (eum b. c. к а. | О 
— N OH + Ж. М 
М RUM => | 
PEN кз. шы een ria. Ho | 
N о | | 
О | | | | equivalent 
uw OH 4— — 
caffeine vanillin thymol 15 NMR signals 
4 NMR signals 6 NMR signals 7 NMR signals 
C.40 
8 (in ppm) = [observed chemical shift (Hz)] / v of the NMR (MHz)] а. 2.5 = x Hz/300 MHz 
х= 750 Hz 
b. ppm = 1200 Hz/300 MHz 
=4 ppm 
c. 202 x Hz/300 MHz 
х= 600 Hz 
C.41 


when the v is increased. 


a. The chemical shift in 6 is independent of the operating frequency, so there is no change іп 6 


b. When the operating v increases, the v of an absorption increases as well, because the two 


quantities are proportional. 


c. Coupling constants are independent of the operating v, so the J value in Hz remains the same. 
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C.42 Use the directions from Answer C.9. 


More electronegative F 
deshields Hp the most. 
Не < Ha < Hp 

(near Br) (near F) 


C.43 


^o 
a. Ha —— 
Hp 


На protons split by 1 H = doublet 
Нь proton split by 3 H's = quartet 


both СН» groups split 
each other - triplets 


Hp 


O 
a wa СІ 
с. СІ 


а 


На protons split by 1H = doublet 
Hy proton split by 2 H's = triplet 


о н 

Н 

OH, gre j 
Hp 


Ha protons split by 1H = doublet 
Hp proton split by 6 H's = septet 
He protons split by 3 H's = quartet 
На protons split by 2 H's = triplet 


C.44 
o а 


a p Br 
Hp He He 


Ha: 1 adjacent Hp = doublet 
Hp: 1 adjacent Н. = doublet 
Нс: no adjacent H's = singlet 


На and He are the most deshielded because of the 
nearby О. H, and Нь are somewhat deshielded by 


Increasing alkyl substitution shifts 
Hp farther downfield than Ha. 


He < Ha < Hp the nearby C=O. Increasing alkyl substitution shifts 
an absorption downfield a little. 
Не < Ha < Hp < На < Hc 
На о 
е. HO OH h. 
Hp 
Hp Ha 


На: split by СНз group + Hp 
- 8 peaks (maximum) 
Нь: split by 2 H's = triplet 


На protons split by 2 СН» groups = quintet 
Hy protons split by 2 H's = triplet 


Нь На н, 


f Ha | 
1 
e Ж Hp 


Ha: split by 1H = doublet 
Ha protons split by 2 H's = triplet рв Ву = doublet 
Hp protons split Бу CH3 + CH2 protons = 12 peaks 


(maximum) 
He protons split by 2 different CH2 groups = 9 peaks He 
(maximum) 
На protons split by 2 H's = triplet j. и Hb 
Since Hp апа Н, are located in a flexible alkyl chain, it is 

Ha 


likely that peak overlap occurs, so that the following is 


observed: Нь (3 + 2+1=6 peaks), Н (2+2 +1=5 Ha: split by Hp + He = 
a c 


peaks). doublet of doublets (4 peaks) 
Hp О Нь: split by Ha + He = 
g. Ha АА doublet of doublets (4 peaks) 
OH Не: split by CH3, Ha + Hp = 16 peaks 
Hc 


На protons split by 2 H's = triplet 

Не protons split by 2 H's = triplet 

Нь protons split by СНз + СН» protons = 12 peaks 
(maximum) 

Since Нь is located in a flexible alkyl chain, it is likely 
that peak overlap occurs, so that опу3 +2 +1= 6 
peaks will be observed. 


О Hc 
b. P CI 


| Hp Ha Ha 
Ha 

Ha: no adjacent H's = singlet 

Hp: 1 adjacent Н. = doublet 

Нс: 1 adjacent Hp апа 2 adjacent На'5 
(1+1)(2 + 1) = 6 peaks 

На: 1 adjacent He = doublet 


С.45 
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H; doublet of doublets at 5.7 ppm. Two large J values are seen for the H's cis 
/ (J,, = 11.8 Hz) and trans (Л, = 18 Hz) ОҢ. 

H,: doublet of doublets at ~6.2 ppm. One large J value is seen for the cis Н 
(Ja = 11.8 Hz). The geminal coupling (7, = 0.9 Hz) is hard to see. 

H: doublet of doublets at «6.6 ppm. One large J value is seen for the trans H 


(Л. = 18 Hz). The geminal coupling (Л, = 0.9 Hz) is hard to see. 


Splitting diagram for Ha 


1trans He proton splits На into 
1+1=2 peaks 
a doublet 


1cis Hp proton splits На into 
1+1=2 peaks 
Now it's a doublet of doublets. 


C.46 


Hy Hp 
x 


Splitting diagram for Hp 


C.47 


Four constitutional isomers of СдНоВг: 
p Be 


4 different C's 


dp Qm 77 


4 different C's 


Hp 


2 different C's 


‚ Jac = the coupling constant between Ha and Hc 


Jab = the coupling constant between Ha and Hp 


Jab Jbc 
5 peaks because of overlap 


M 


3 different C's 
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C.48 Тһе О atom of an ester donates electron density, so the carbonyl carbon has less ô+, making it 
less deshielded than the carbonyl carbon of an aldehyde or ketone. Therefore, the carbonyl 
carbon of an aldehyde or ketone is more deshielded and absorbs farther downfield. 


C.49 
T а сл 8 Oe 
5 signals 3 signals А 
4 signals 
р. s О d МИКИ OH 
7 signals 
3 signals 
a жа = Же 
О 5 signals 3 signals 
7 signals 
C.50 
О 
ZN Br 
ToS 
| | C, 
с С 
С. Сь Се а 
С. < Cp < Ce C, < Ce < Ca 
С.51 
19 ppm 62 ррт 16 ppm 205 ppm 143 | 23 ррт 
а. CH3CH2CH2CH2OH b. (CH3)2CHCHO c. CH?-CHCH(OH)CHs 
14 ppm 35 ppm 41 ppm 113 ppm 69 ppm 
C.52 
Нь He i Не На Hp He 
На -— Не — Не 
2 A / 8 / a 
4 Нь He A Ho He Ha A Hp He 
Ha A Ha B Ha с 


The aromatic region for А, В, and C would look similar, so we must concentrate on the signals 
due to the groups on the benzene ring. The NMR of С would show three singlets for H,, H,, and 
Н, whereas both A and B have a singlet, triplet, and quartet in their spectra. The locations of 
these signals differ in A and B. For example, in A, H, appears as a singlet at 3—4 ppm, whereas 
in B, H, appears as a quartet at 3-4 ppm. 
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C.53 Each isomer would show a different number of lines in its "С NMR spectrum. 


C, а! 
Фе 
Cp 
сс 


X 


3 kinds of C's 
3 lines 


4 kinds of C's 
4 lines 


С Cp 


С e 


CI = а 


Cy Cp 


2 


2 kinds of C's 
2 lines 


C.54 One distinguishing signal is listed for each pair of compounds. 
CI 
a. Ж СІ апа 22 СІ 
H This H is downfield because it is bonded to a 
а а СІ СІ C with 2 СІ5. It appears as a doublet. There 
No H's are bonded to C's is no similar absorption in the other compound. 
that are also bonded to CI's. 
О о 
: owe ang E T 
| К 
quartet at 3—4 ppm triplet at 3—4 ppm 
singlet at 3-4 ppm у triplet at 3-4 ppm 
О а О 
с о апа о 
СІ 
СІ 
СІ 
С.55 
Hp — — Hy 
НЕ 
c ES ES oH 9'HNMR signlas due to the 9 different types of H's. 
| Не He Hg Н; 
Ha 
Cp C, 
b S Ce € С 10 lines in the C NMR spectrum. 
С С OH 
Са “Са С; s Ci 
с. splitting: He: 2 На protons adjacent so З peaks, a triplet 
Hg: 2 Нь protons adjacent so З peaks, a triplet 
С.56 
О Ht О 
pe. ~ 2 
Ж Hg а. 7 'Н NMR signals ©. О S Ch 
| ны He H b. splitting: Ha: singlet Ca Cp Ge € Сұ 
5 Hp: singlet 
На : С 
L Не: triplet 9 
На: triplet 8 lines in the ЗС NMR spectrum. 
He: singlet 
Нс doublet 
Hg: doublet 


Chapter С-18 


= авг a. 3 'H NMR signals 5 
bd b. splitting: | 
% Ha: (1 + 1)(1 + 1) = 4 peaks due to 


nonequivalent protons Нь and Hc 

M Нь: (1+ 1)(2 + 1) = 6 peaks due to two 
types of nonequivalent H's, He and Ha 

Не: (1 + 1)(2 + 1) = 6 peaks due to two types 
of nonequivalent H's, Hp and Ha 


Ec a 


C, 
2 lines in the ЗС NMR spectrum. 


Hp а. 6 'Н NMR signals 
He о b. splitting: H4: 3 peaks 
Нь: 4 peaks 
Не: singlet 
-— Н; На: 2 peaks 
N He: 2 peaks 
Не singlet 


CI 


C.57 


1-hydroxybutan-2-one 
A 


c. All C's are differnt, so there are 10 lines 
in the ЗС NMR spectrum. 


4-hydroxybutan-2-one 


The answers for parts (a)-(d) are the same for both compounds. 


a. molecular ion for СНА, = 88 


b. IR absorptions at 3200-3600 (OH), ~3000 (CH), and ~1700 (C=O) сш". 


c. Four lines in "C NMR spectrum 
d. Four signals in 'H NMR spectrum 


quartet at ~ 2.1 ppm singlet at -3.5 ppm 
singlet anywhere in 
| | the 1-5 ppm region 


e. 7% Чон 
ГА О 
triplet at ~1.0 ppm 
A 


C.58 Use the directions from Answer С.26. 


a. CqgHgBr2: O degrees of unsaturation 
IR peak at 3000-2850 ст”! Csp?-H bonds 
NMR: singlet at 1.87 ppm (6 Н) (2 СНз groups) 
singlet at 3.86 ppm (2 H) (CH2 group) 


Хх” 
В 


r 


b. C3HgBra: О degrees of unsaturation 
IR peak at 3000-2850 ст”: Csp?-H bonds 
NMR: quintet at 2.4 ppm (split by 2 CH2 groups) 
triplet at 3.5 ppm (split by 2 H's) 


Bro мж, 


triplet at -3.5 ppm 


singlet anywhere in singlet at ~2.0 ppm 
the 1-5 ppm region О | 


ee 


triplet at ~2.1 ppm 


C. СБНлоО>: 1 degree of unsaturation 
IR peak at 1740 ст”! C=O 
NMR: triplet at 1.15 ppm (3 H) (CHs split by 2 H's) 
triplet at 1.25 ppm (3 H) (CH3 split by 2 H's) 
quartet at 2.30 ppm (2 Н) (CH2 split by 3 H's) 
quartet at 4.72 ppm (2 H) (CH2 split by 3 H's) 
О 


келшы 


а. СзНЄО: 1 аедгее of unsaturation 
IR peak at 1730 cm": С=О 
NMR: triplet at 1.11 ppm 
multiplet at 2.46 ppm 
triplet at 9.79 ppm 


О 


кы 
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C.59 
Two isomers of Сон 0: 5 degrees of unsaturation (benzene ring likely) 
Compound A: Compound B: 
IR absorption at 1742 ст”: C=O IR absorption at 1688 ст“ С=О 
NMR data: NMR data: 
singlet at 2.15 (3 Н) (СНз group) triplet at 1.22 (3 H) (CH3 group split by 2 H's) 
singlet at 3.70 (2 H) (CH group) quartet at 2.98 (2 H) (CH2 group split by 3 H's) 
broad singlet at 7.20 (5 H) multiplet at 7.28—7.95 (5 H) 
(likely a monosubstituted benzene ring) (likely a monosubstituted benzene ring) 


ELI i 


C.60 IR absorptions: 
3088-2897 cm ': sp° and sp’ hybridized С-Н 
1740 ст": С=О 
1606 cm”: benzene ring 


P triplet at 2.91 


H H 
5H о СНз ~—— singlet at 2.02 
multiplet Y 
7.20-7.35 H H о 
Ж 


triplet at 4.25 


C49H1202 
М 


C.61 ІК absorption at 1713 cm is due to C=O. 


doublet triplet at 2.43 
at 1.09 ae 
we CHsH H 
CH triplet at 0.91 
os Ио 3 P 


о H H 


| 


septet at 2:60 multiplet at 1.6 


C7H140 
У 
С.62 
Hc 
Compound C: | 
molecular ion 146 (molecular formula СеН |004) i H i 
IR absorption at 1762 ст“'; С=О „С | x 
1H NMR data: CH3 0-C-O СНз 
Ha: doublet at 1.47 (3 H) (СНз group adjacent to CH) | сн; | 
Нь: singlet at 2.07 (6 Н) (2 СНз groups) Hp | Hp 
Нс: quartet at 6.84 (1 Н adjacent їо CH3) H, 
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С.63 


С.64 


С.65 


CEN 
ноз 


Compound D: 
Molecular ion at m/z = 71: C3HsNO (possible formula) 
IR absorption at 3600-3200 ст“! — OH 


2263 cm"! > СМ 


1Ң NMR signals at (ppm): 


2.5 (triplet, 2 H) CH2 adjacent to 2 H's 
31 (singlet, 1 H) OH 
3.8 (triplet, 2 H) СН» adjacent to 2 H's 


а. Compound E: 


СаНзО>: 
1 degree of unsaturation 
IR absorption at 1743 ст”! C=O 
NMR data: 
Ha: quartet at 4.1 (2 H) 
Hp: singlet at 2.0 (3 H) 
Hc: triplet at 1.4 (3 Н) 


т 
ие C. 
CH3 OCH2CH3 
|| E 
Hp Ha Hc 


· Compound H: 


CgH44N: 
4 degrees of unsaturation 
IR absorptions at 3365 ст”! М-Н 
3284 ст”! М-Н 
3026 ст”! Csp?-H 
2932 cm": Csp?-H 
1603 cm“: due to benzene 
1497 ст“'; due to benzene 
NMR data: 


multiplet at 7.2—7.4 ppm, 5 H on a benzene ring 
На: triplet at 2.9 ppm, 2 H, split by 2 H's 

Hp: triplet at 2.8 ppm, 2 Н, split by 2 H's 

Не: singlet at 1.1 ppm, 2 H, no splitting (on NHz) 


но мнь 


Compound E: 


Molecular ion at m/z = 75: СзНэМО (possible formula) 


IR absorption at 3600-3200 ст“! — ОН 
3636 ст“! > М-Н of amine 
1H NMR signals at (ppm): 
1.6 (quintet, 2 H) СН» split by 2 СН25 
2.5 (singlet, З H) МН? and OH 
2.8 (triplet, 2 Н) СН» split by CH2 
3.7 (triplet, 2 H) СН» split by CH2 


b. Compound F: 
СНО: 
1 degree of unsaturation 

IR absorption at 1730 ст“'; С=О 
NMR data: 

Ны: singlet at 4.1 (2 H) 

Нь: singlet at 3.4 (3 Н) 

Нс: singlet at 2.1 (3 Н) 


о 
|| 
>. С ~ 
CH3 CH30CHs 
\ S 
Hc Ha Hp 


b. Compound I: 
CgH44N: 
4 degrees of unsaturation 

IR absorptions at 3367 ст” М-Н 
3286 ст”! М-Н 
3027 ст”! Csp?-H 
2962 ст”! Csp?-H 
1604 ст”: due to benzene 
1492 ст“'; due to benzene 

NMR data: 


multiplet at 7.2—7.4 ppm, 5 Н on a benzene ring 


На: quartet at 4.1 ppm, 1H, split by 3H's 


Нь: singlet at 1.45 ppm, 2 Н, no splitting (NH2) 


Hc: doublet at 1.4 ppm, 3 H, split by 1H 


Ha 
| МН2-- Hp 


* He 
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C.66 
а. СәНлоО2: p. Сә: 
5 degrees of unsaturation 4 degrees of unsaturation 

IR absorption at 1718 ст”: С=О IR absorption at 2850—3150 ст”! С-Н bonds 

NMR data: NMR data: 
multiplet at 7.4—8.1 ppm, 5 H on a benzene ring singlet at 7.1-7.4 ppm, 5 Н, benzene 
quartet at 4.4 ppm, 2 H, split by 3 H's septet at 2.8 ppm, 1H, split by 6 H's 
triplet at 1.3 ppm, 3 H, split by 2 H's doublet at 1.3 ppm, 6 H, split by 1H 

О 


i 
C. 
or OCH>CH3 


downfield due to the O atom 


С.67 ІК absorption at 1717 cm” is due to a C=O. 


СНз CH3 О 
singlet at 1.02 
СНз СНз = singlet at 2.13 
H H 
CoHuO singlet at 2.33 
R 


C.68 ІК absorption at 1730 cm is due to a С=О. Eight lines in the "C NMR spectrum means there 
are eight different types of C. 


triplet at 
4. р. 
Н = — singlet at 9.97 
Pal J 
| аї На and Нь appear as two doublets. 
2.32 
м аї 
3.05 
С.69 
The IR shows ап OH absorption 1H: doublet of doublets at 6.0 ppm 
at 3200-3600 ст“. | 
H 
H20 
= Y | 
| OH OH peak at 1.5 ppm 


Each H is a doublet of doublets ӨН: singlet at 1.3 ppm 
in the 4.9-5,2 ppm region. 
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С.70 


С.71 


С.72 


С.73 


С.74 


a. Compound J has а molecular ion at 72: molecular formula CgHgO 
1 degree of unsaturation 
IR spectrum at 1710 ст: С=О О 


1H NMR data (ppm): РТР 
1.0 (triplet, 3 Н), split by 2 H's 
2.1 (singlet, 3 H) 
2.4 (quartet, 2 H), split by 3 H's 


b. Compound К has a molecular ion at 88: molecular formula CgH420 
O degrees of unsaturation 


IR spectrum at 3600-3200 ст”! О-Н bond 
1H NMR data (ppm): 


OH 
0.9 (triplet, 3 H), split by 2 H's pa 
1.2 (singlet, 6 Н), due to 2 СНз groups 


1.5 (quartet, 2 H), split by 3 H's 


1.6 (singlet, 1 H), due to the OH proton 


D: Molecular ion at m/z = 150: Сон 0; (possible molecular formula) 
5 degrees of unsaturation 


IR absorption at 1692 ст“! — С-О 

NMR data (ppm): 
triplet at 1.5 (3 H's - СНзСН?) 
quartet at 4.1 (2 H's - СНзСН>) 


о ooo 


doublet at 7.0 (2 H's — on benzene ring) 
doublet at 7.8 (2 H's — on benzene ring) 
singlet at 9.9 (1 H — on aldehyde) 


Compound L has a molecular ion at 90: molecular formula C4H4902 
O degrees of unsaturation 


IR absorptions at 2992 and 2941 ст”! Csp?-H О 
1H NMR data (ppm): P 
На: 1.2 (doublet, 3 H), split by 1H H 


Hy: 3.3 (singlet, 6 Н), due to 2 CH3 groups 
He: 4.8 (quartet, 1 H), split by 3 adjacent H's 


Compound О has a molecular formula C49H420. 
5 degrees of unsaturation 
IR absorption at 1687 ст”! 
1H NMR data (ppm): 
На: 1.0 (triplet, 3 H), due to CH3 group, split by 2 adjacent H's 
Нь: 1.7 (sextet, 2 H), split by СНз and CH2 groups 
Нс: 2.9 (triplet, 2 H), split by 2 H's 


H* 
+ CH3—OH 


7.4—8.0 (multiplet, 5 Н), benzene ring 2 
Compound P has a molecular formula С5НӘСІОҙ. 
1 degree of unsaturation О 
13С NMR shows 5 different C's, including а С=О. pw 
1H NMR data (ppm): CI A о 
Ha: 1.3 (triplet, 3 Н), split by 2 H's н. | Ha } 


Нь: 2.8 (triplet, 2 H), split by 2 H's Hp 
Нс: 3.7 (triplet, 2 H), split by 2 H's 
На: 4.2 (quartet, 2 H), split by CH3 group 
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C.75 


Compound Q: Molecular ion at 86. 
Molecular formula: СБНлоО: о [1] strong base њон 


1 degree of unsaturation Js 
; Aes 
IR absorption at ~1700 ст“ : C=O [2] CHI 
NMR data: 


На: doublet at 1.1 ppm, 2 CH3 groups split by 1H ~~ Ha 
Hy: singlet at 2.1 ppm, CH3 group MW = 86 
Не: septet at 2.6 ppm, 1H split by 6 H's 


C.76 


С6Н 202: 
1 degree of unsaturation о 
IR peak at 1740 cm": С=О 


1H NMR 2 signals: 2 types of H's 5 
13C NMR: 4 signals: 4 kinds of C's, including one 


at ~170 ppm due a С=О 


СЛ7 


a. Because А has no absorptions at 1700 cm ог 3600-3200 cm , it has no C=O or ОН. Ап 
oxygen-containing compound without these functional groups is an ether (or an epoxide). 


Because B is formed from a reaction with HCl, A must contain an epoxide, because ethers are 
unreactive with НСІ. 


doublet at 3.5 ——>H, O ,CHs 7— doublet at 1.4 


H — — quartet of doublets at 3.0 


7—2 doublets at 6.9 and 7.2 
A 


singlet at 3.8 CH30 


b. Epoxide A is equally substituted by R groups оп both C’s. With НСІ, the epoxide is 
protonated first and then backside attack by Cl forms the chlorohydrin. Attack at the C 


adjacent to the benzene ring is preferred because the 6+ in the transition state at this carbon 
can be delocalized on the benzene ring. 


H 


| 
на сњ 


н, JX „СНз N 
н-СІ 


CH30 A CH30 Я СЕ 


The benzene ring and CH, group must be trans in ће epoxide to give the correct configuration at 
the two stereogenic centers in the product. 
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C.78 А second resonance structure for №, N-dimethylformamide places the two CH, groups in different 
environments. One CH, group is cis to the О atom, and one is cis to the Н atom. This gives rise 
to two different absorptions for the CH, groups. 


ш -— — cis to the О atom 


:0: : 


= cis to the Н atom 
N,N-dimethylformamide 


C.79 

18-Annulene has 18 т electrons that create an induced magnetic field 
similar to the 6 « electrons of benzene. 18-Annulene has 12 protons 
that are oriented on the outside of the ring (labeled H,), and 6 protons 
that are oriented inside the ring (labeled Н). The induced magnetic 
field reinforces the external field in the vicinity of the protons on the 
outside of the ring. These H, protons are deshielded, so they absorb 
downfield (8.9 ppm). In contrast, the induced magnetic field is 
opposite in direction to the applied magnetic field in the vicinity of the 
protons on the inside of the ring. This shields the H, protons, so they 
absorb very far upfield, at —1.8 ppm, which is even higher than TMS. 


C.80 


| stereogenic center 


H X H H 


> > > 


Replace a CH3 group 
with X. 


Я ог х 4 
HO H HO H 


| HO H 
Cp 
3-methylbutan-2-ol 


Replace Са. Replace Cy. 


The CH3 groups are not equivalent to each other, 
because replacement of each by X forms two diastereomers. 


Thus, every C in this compound is different 
and there are five "°C signals. 


C.81 


CH3—P—OCH3 One P atom splits each nearby CH3 into a doublet 
| by the n * 1 rule, making two doublets. 


Ha 


All 6 Ha protons are equivalent. 
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C.82 а. Splitting pattern: 


| 
p 


Ши, 


3Hz 


Jap = 11 Hz 


b. Three resonance structures can be drawn for cyclohex-2-enone. 


A B с 


Resonance structure C places а (+) charge оп one С of the С=С, deshielding the Н attached to 
it and shifting the absorption downfield. 


